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ABSTRACT 
Quality and yield of major fruits grown in country are far below their potential 
despite of favorable climatic conditions. Average yield of apple orchards in Pakistan 
is alarmingly lower than other apple producing countries in the world. In the fruit 
crops, either nutrient use is below optimum or in imbalanced proportions. 
Micronutrient disorder along with nitrogen, phosphorous and potassium deficienc ies 
are of economic significance in this regard.  It is estimated that Fe and zinc 
deficiencies are widespread occurring in about 30 to 50% of cultivated soils on the 
world scale. Murree is the only apple growing region in the Punjab Pakistan. Geo-
statistics and GIS as diagnostic norms have not been used for nutrient indexation in 
the apple orchards and were neglected from nutrition management point of view. A 
field survey was conducted to examine the spatial dependence of micronutrients and 
to prepare the spatial distribution maps for the micronutrients in the soils.  Field trials 
were conducted for site specific zinc nutrition assessment. The specific objectives of 
study were: (i) Micronutrients indexation (zinc, copper, iron and manganese) of soil 
and foliage of apple orchards in Murree (ii) Mapping and geo-statistical analysis of 
micronutrients in apple cultivated Murree area (iii) Impact of zinc nutrition on apple 
yield and fruit quality parameters. One hundred and eighty soil and associated 
foliage samples were collected from 30 selected apple orchards using grid of 6×6 m. 
General deficiency of plant available zinc prevailed in the orchard soils of Murree 
area followed by slight Mn deficiency. Widespread deficiency of zinc existed in the 
foliage of apple orchards followed by site-specific deficiency of manganese, iron 
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and copper respectively. Plant available zinc, copper and manganese were 
moderately spatial dependant in the surface and strongly spatial dependent in the 
subsurface and lower soil depth whereas moderate spatial dependence of plant 
available Fe at three depths was observed. Moderate to strong spatial dependence 
allowed us to prepare the digital maps for spatial distribution of micronutrients in 
the area. Moderate to strong spatial dependence of plant available micronutr ient 
indicated a need for the development of variable fertilizer (micronutrient) rate 
technology by conducting field trials in various zones delineated in this study. Field 
trials were conducted by selecting 6 apple orchards, two from each low, medium and 
adequate in soil zinc but low in foliage zinc content. Treatment plan included T1= 
Zn   0 g/ tree, T2 = Zn 20 g/ tree, T3 = Zn 30 g/ tree and T4 = Zn 40 g/ tree with the 
basal dose of NPK per tree. Zinc fertilizer application resulted in increase in the 
apple yield and yield components. Thirty gram zinc produced maximum yield in the 
low zinc soils while twenty gram zinc resulted in optimum yield in medium and high 
zinc soils. Zinc fertilization increased size, number, yield and firmness of fruit. Zinc 
application decreased titratable acidity and relative electrical conductivity. 
Significant interaction between the treatments and location manifested differentia l 
response due to native zinc content in the soils. 
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Chapter 1 
INTRODUCTION 
  
 Micronutrient deficiencies especially of zinc and iron are considered as one of 
the serious global health risk. Deficient zinc content in soils lead to poor zinc dietary 
supplies which result in the poor growth, defects in development and premature death 
(Singh, 2009). The main sources of micronutrient in the food chain are producers and 
these producers get nutrients from the soil. When the soils are deficient in nutrient 
content then producer do not get that particular nutrient in sufficient amount and this 
deficiency prevails in human being and animals. Micronutrients also play an important 
role in the growth and health of plants as well. The deficiency in plants is attributed to 
high calcareousness, low organic matter content and alkaline pH of the soils (Rashid et 
al., 1997; Shah and Shehzad, 2008). 
  
 Orchard farming is much more specialized than growing of cereal crops. 
Orchards in Pakistan are typically traditional in practice. Optimum management of 
nutrients is critical for obtaining maximum yield (Aziz et al., 2004). Quality and yield 
of major fruits grown in country despite of favorable climatic conditions are far below 
their potential. In the fruit crops, nutrient use is either below optimum or in imbalanced 
proportions. Average yield of apple orchards is 6.1 tonnes per hectare in the country. 
  
 Yield of apple orchards in Pakistan are very low as compared to yields elsewhere 
in the world obtained (Ahmad et al., 2014).   Micronutrient disorder along with N and P 
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deficiencies are of economic significance in this regard. Deficiencies of iron and zinc 
are estimated to be spread on 30 and 50 % in cultivated soils throughout the world (Bell 
and Dell, 2008). Micronutrients deficiencies are related to specific crops or certain soil 
types. With high yields of today’s agriculture, the amounts of micronutrients required 
per unit area have also become larger.  
  
 Continual mining of micronutrients due to intensive cultivation lead to their 
deficiency in the soil. Soil and plant analysis show that more than fifty percent of 
cultivated soils of the country are unable to supply sufficient zinc to meet the need of 
many crops (Ahmed et al., 2010). Understanding the nature and extent of micronutr ient 
deficiency can be enhanced by preparing maps manifesting micronutrient content in the 
area. These maps may also help to ascertain the relationship of micronutr ient 
deficiencies with soil characteristics and climatic conditions of the area determined at 
the particular scales like the order, sub-order, or great group levels. Micronutr ient 
deficiencies and toxicities occurring in agricultural areas can be delineated by creating 
intermediate scale maps, marking particular areas.  Soil properties of that particular area 
can be related to nutrient content for site specific nutrient management. Development in 
the field of global positioning system (GPS), geographic information systems (GIS) and 
geostatistics, make the micronutrient mapping easier and provide fathomable support for 
decision and policy making (White and Zasoski, 1999). Commonly used techniques of 
soil and plant analyses augmented with GIS and geostatistics are useful techniques for 
efficient nutrient management because variation in the soil characteristics is spatial as 
well as temporal. Classic statistics takes in to account the variability in the trial site and 
5 
 
 
 
it is overcome by blocking and increasing the number of replications, but to examine the 
spatial arrangement, distance and proximity special techniques have been developed. 
Lack of use of these modern techniques the past lead to general recommendations on the 
province basis which leads to over or under fertilization and thus losses in yield (Shah 
et al., 2013; Jin et al., 2011; Memon et al., 2011). 
 
In apple orchards the analysis of leaves indicated zinc, copper, iron and 
manganese deficiency in 37, 2, 58, and 44 percent of surveyed apple orchards of Swat 
area, respectively. Deficiency of zinc in the surface and subsurface soils was also 
established (Shah and Shehzad, 2008). Murree is a mountainous tract with altitude of 
2300 meter above sea level and has climatic conditions favorable for apple production. 
Terrace cultivation on the hilly tracts of Murree has proved more valuable for apple 
production rather than field crops. Murree is situated in humid climate. Soils of this 
region are unique from non calcareous to strongly calcareous. Steeply dissected plains 
are occupied by loess in small patches (Memon, 2008). Field trials conducted for zinc 
nutrition management may help as a guideline tool for other apple producing regions of 
the world. 
 
It was hypothesized that micronutrient mapping and zinc nutrition management 
will help to improve the yield and quality of apple orchards. 
Present field study was designed with following objectives: 
(i) Micronutrients indexation (zinc, copper, iron and manganese) of soil and     
foliage of apple orchards in Murree. 
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(ii)  Mapping and geo-statistical analysis of micronutrients in apple cultivated     
       Murree area 
(iii)  Impact of zinc nutrient application on various fruit quality parameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2 
REVIEW OF LITERATURE 
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2.1 BEHAVIOR OF MICRONUTRIENTS IN THE SOIL 
 Igneous and sedimentary rocks contain zinc in smaller concentraions. Among 
igneous rocks, basic rocks such as bsalt contain higher zinc content than acid igneous 
rocks e.g., granite. Sphalerite (ZnS), Smithsonite (ZnCO3), Hemimorphite {Zn4(Si2  
O7) (OH)2. H2O}, Hydrozincate {Zn5 (CO3)2 (OH)6} are main inorganic zinc sources. 
These minerals are rare in the soils and occur only in very small quantities in soils 
and their occurrence is abundant in zinc ore deposits. The concentration of total zinc 
in soils is approximately in the range of 10 to 300 µg/g (Brady, 1990). 
 
 Iron is the fourth abundant mineral element and constitutes about 5% of the earth 
crust (Havlin et al., 2009). Hematite (Fe2O3) and magnetite (Fe3O4) are the main sources 
of third most abundant mineral in the soil i.e., iron. Soils having hydrated hematite 
{(limonite (2Fe2O3.3H20)} are red in colour. Magnetite is crystalline mineral having 
black colour and magnetic properties. Pyrite (FeS2), another iron mineral occurs in the 
form of yellow crystals and has metallic luster hence called as fool's gold. Soil 
aggregates also contain iron as an amorphous coating and as complexes with organic 
matter. Grainy soil structure in oxisols is thought to be maintained by iron coatings 
around the soil aggregates. 
 Ferrous (Fe2+) and ferric (Fe3+) are two oxidation states of iron which are present 
in soil solution. In the absence of oxygen or under waterlogged conditions Fe2+ is 
prevailing species. Ferric (Fe3+) is prevalent under aerobic conditions. Soil solution 
8 
 
 
 
contains low concentration of Fe 2+ and/or Fe3+ due to presence of highly insoluble Fe2O3 
(Krauskoph ,1973; Tan, 1994). 
 
 Manganese exists in small concentrations in numerous rocks. It is deposited 
numerous forms of oxides in soils after weathering. Total manganese concentration in 
the soils varies from 20 to 6000 µg/g (Krauskoph, 1973). The divalent manganese ion is 
the main form of manganese in soil solution because of its cationic nature especially in 
reduced conditions. The trivalent form (Mn+3) frequently exists as Mn2O3 considerably 
in the acid soils. The tetravalent form MnO2 is conceivably the most stable and static 
than trivalent manganese. 
 
After weathering of minerals, soil solution is the main source of nutrients for 
plants. Micronutrients concentrations in soil solution constantly change in response to 
root uptake, alteration in soil water content, mineralization of organic matter, sorption-
desorption, complexation and redox reactions. Plant roots absorb nutrients from the soil 
solution but before that process takes place, they pass through a series of chemica l 
reactions and processes. Adsorption of zinc and copper is one of the most important solid 
liquid phase interaction determining the fixation and release of zinc and copper in soil. 
Especially clay minerals and in general solid phases that can play an important role in 
zinc adsorption are carbonates, soil organic matter and hydrous oxides (Ellis and 
Knezek, 1972). Another important phenomenon in the soils determining the availability 
of micronutrients is the interaction of micronutrients with other nutrients in the soil 
system i.e. “an influence, a mutual or reciprocal action of one element on the other in 
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relation to plant growth”. Zinc and iron have an antagonistic relation where as 
phosphorous also induces zinc deficiency. Similarly high copper and zinc concentration 
in soil solution also result in the iron deficiency (Olsen, 1972). 
 
Soil pH is another important factor affecting the availability of micronutrients. 
The activity of iron, manganese, and aluminum increases with decrease in pH. The 
ambient pH for most of plants ranges from 6.0 to 6.8. The availability of molybdenum 
increases with the increase in soil pH.  The availability of manganese in neutral or 
calcareous soils also can be reduced by the action of certain microflora that oxidizes 
Mn+2. At pH common in the soils, oxidized states of iron, manganese and copper are 
much less soluble than are the reduced states. The hydrous oxides of these high valence 
form precipitate at pH values of 3 to 4, whereas ferrous hydroxide does not precipitate 
until a pH of 6 or higher is reached (Lucas and Knezek, 1972). 
 
Availability of micronutrients in soil is subjected to a lot of complex chemica l 
reactions and interactions. The important roles which they play in the fruit production 
extensive studies are needed for micronutrients management in Pakistan. 
 
 
 
2.2 ROLE OF MICRONUTRIENTS IN FRUIT PRODUCTION 
Yield and quality of fruit orchards is influenced by many factors but the most 
important one which hampers the yield and quality of fruit orchards is negligible or 
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imbalanced use of fertilizers or nutrients. Boron, copper, iron, manganese, molybdenum, 
chlorine and zinc are considered as essential microelements for plants where as other 
element like nickel and cobalt are required in smaller concentration (Zia et al., 2006). 
 
Micronutrients are required in small amounts but are as essential as 
macronutrients, and play important role in plant development and yield. Besides their 
structural and catalytic roles, micronutrients are required for enzyme activation as 
discrete cofactors. Micronutrients form stable complexes with naturally occurring 
ligands. For example boron is required for stabilizing cell walls by making the borater-
hamnogalacturonan II (RG-II, a complex pectic polysaccharide structurally found in the 
primary cell wall cross-link). Translocation of sugars is also facilitated by boron as it 
activates certain dehydrogenase enzymes which play an important role in the sugar 
synthesis and its translocation. It is vital for the synthesis of nucleic acids and plant 
hormones and is essential for cell division and development (Dell et al., 2002). 
 
 Manganese activates various enzymes that speed up oxidation reduction, 
decarboxylaiton and hydrolytic reactions. Due to these activated enzymes manganese 
plays an important role in the synthesis of lignin, flavonide, fatty acid and indole acetic 
acid (IAA). It is also a component of enzymes like arginase and phosphotransrase and 
helps in nucleic acid synthesis, cell wall formation and tissue development (Peryea and 
Drakes, 1991). Copper is essential structurally as well as funtionally for oxidative 
enzymes such as cytochrome oxidase, ascorbate oxidase, polyphenol oxidase and 
diamine oxidase (Grundon et al., 1997).  
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Hemo-proteins and nonheme-proteins, dehydrogenases and ferrodoxins contain 
iron as a vital component and are vital for photosynthesis, energy makeover and  
concerned with chlorophyll production and oxidation-reduction in respiration. Redox 
properties of iron make it vital for metabolic reaction in the plants (Briat et al., 1995). 
 
Zinc plays a key role as a structural constituent or regulatory co-factor of a wide 
range of enzymes in many important biochemical pathways including carbohydrate, 
protein and auxin (a growth regulator) metabolisms. Zinc application is vital for 
improving apple yield, quality, and reducing browning incidence of fruit orchards 
(Malakouti, 2001). Therefore proper micronutrient doses should be recommended and 
applied to enhance the production and quality of fruit orchards.  
 
2.3 MICRONUTRIENT STATUS OF ORCHARDS  
There are many management issues related to  production of fruits in Pakistan 
but the most important is the poor nutrient status of fruit orchards specially 
micronutrients. A study was conducted in the citrus orchards of Punjab in the district 
Sargodha by Siddique et al. (1992).  Four hundred eighty eight soil and two hundred 
fifty two plant samples were collected from forty three orchards. Severe zinc deficiency 
was observed in the soil as well as foliage samples. Fifty and twenty seven percent plant 
samples were found deficient in copper and manganese respectively. 
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Another study conducted by Zaka et al (2004) in Sargodha district revealed that 
zinc was deficient in 90 percent soil and plant samples. The pattern of copper was 
different in soil and plants. Soil analysis indicated that 61 percent sites were poor while 
the leaf analysis depicted only 4 percent deficiency. None of the site was deficient in 
iron and manganese content. Micronutrient deficiency is not only limited to the citrus 
orchards of Punjab but according to the survey of Malakand, Mardan, Swabi, Swat and 
Charsadda districts of  Khyber Pakhtunkhwa AB-DTPA extractable copper, zinc and 
iron were low in 2.4, 38.1, 3.3 percent out of one hundred forty seven soil samples while 
Mn was adequate in all the soil samples (Khattak, 1994).  
 
Burki (2000) conducted a survey for indexing micronutrients in the apple 
orchards of Quetta valley. Sixty soil samples were collected from five different sites at 
0-15, 15-30, 30-45, 45-60, 60- 75 and 75-90 cm depths. The soil samples were analyzed 
for physico-chemical properties including AB-DTPA extractable micronutrient (Cu, 
Mn, Fe and Zn). At the same time foliage sampling was done from forty apple trees and 
analyzed for same micronutrients. Sandy clay loam and clay loam were the most 
frequent textural classes. Sandy clay loam to loam soils constituted about thirty seven 
percent of total collected soil samples while silty clay, clay loam and clay in texture was 
observed in the 63 percent soil sample. Most of the soil samples were non saline whereas 
18 percent of total analysed soil samples were characterized as slightly saline. Soils were 
categorized as alkaline as pH ranged from 7.16 to 8.45 for all the collected samples. On 
the basis of degree of alkalinity 78 percent were moderately while remaining were 
strongly alkaline. Soil samples were categorized deficient to medium in organic matter 
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content which ranged from 0.31 to 1.29 percent. Lime content ranged from 17-49 percent 
which indicated that soils were strongly calcareous in nature. The AB-DTPA extractable 
copper content were adequate in surface and subsurface soils and ranged from 0.51 to 
4.25 µg/g with the mean value of  2.10 µg/g. The manganese content was sufficient at 
all the soil depths and ranged between 2.27 to 36.8 with average value of 8.40 µg/g. 
Similarly, the iron concentration was also sufficient to medium at all soil depths and 
ranged between 4.21 to 38.74 µg/g and the mean value was 9.18 µg/g. Plant availab le 
zinc content decreased with the increasing depth and it ranged from 0.42 to 8.04 µg/g 
with the mean value of 1.61 µg/g. 
 
Micronutrient status of apple orchards in Swat district was evaluated by Shah 
and Shehzad (2008). Foliage analysis depicted that zinc was low in 37, copper in 2, 
manganese in 58 and B in 44 percent of apple orchards. Plant available zinc was deficient 
in both surface and sub surface soils. Moreover negligible or poor correlation was 
established between soil and plant tests for diagnosing micronutrient deficiency. 
Similarly Zia et al. (2006) evaluated the micronutrient status of soils of apple, citrus, 
mango, guava and banana orchards. For this purpose they collected 329 soil samples 
from various depths throughout Pakistan and were analyzed for available iron, 
manganese, copper, boron and zinc status. On country basis 64,19,2 and 4 percent soils 
had been found deficient for available zinc, iron, copper and manganese respectively. 
On province basis zinc deficiency was 60, 90 and 43 percent in Punjab Sindh and 
Baluchistan respectively. Deficiency of available iron was 22, 16 and 19 percent 
respectively. Similarly 68, 60, 47, 89 and 40 percent zinc deficiency had been reported 
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in citrus, mango, guava, banana and apple orchards respectively. While the 
corresponding deficiency of available iron were 28, 3, 24, 16 and 12 percent in above 
orchards respectively. Micronutrient requirement of stone fruits are thought to be higher 
for good quality and higher yield. The main stone fruit producing area in Pakistan is 
Khyber Pakhtunkhwa. The persimmon orchards of Charsadda district were also found 
deficient in micronutrients i.e. zinc, copper, iron and manganese (Khan, 2003). While 
zinc content in the soils of mango orchards in Hyderabad district was also found low 
and ranged from 0.14 to 0.26 µg/g (Rashdi et al., 2004). 
 
According to a preliminary survey in the apple orchards of Murree region, plant 
available zinc was deficient in 38 percent orchards where as foliage zinc was deficient 
in all apple orchards. Plant available iron was adequate in the soils of apple orchards 
whereas 46 percent of surveyed apple orchards indicated foliage iron deficiency (Ahmad 
et al., 2010; Ahmed et al., 2012).  
 
2.4 USE OF GIS AND GEOSTATISTICS IN NUTRIENT MANAGEMENT 
 Geographical Information System (GIS) is a set of computer software that 
provides data storage, retrieval and transformation of spatial data. It assigns the related 
information about soil type, nutrient levels to a particular location. A fully functiona l 
GIS can be used to analyze the characteristic between the layers to develop application 
maps or other management options. The location is usually stored by latitude and 
longitude using Global Positioning System (GPS). Several maps can be generated by 
showing variability of nutrients. GPS is a set of 24 satellites. These satellites 
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continuously transmit radio signals picked up and deciphered by special receivers to 
determine its position on the earth (Bhatti, 2003). All the statistical procedures used for 
analysis and estimation of spatially dependent variables are collectively called as Geo-
statistics (Bhatti, 2003). 
 
 Geostatistics is a branch of applied statistics that focuses on the characterizat ion 
of spatial dependence in the measured single or multiple variables.  It is used to model 
the spatial dependence of regionalized variables or spatial variability of soil properties 
to interpret spatial pattern and predict values of the attribute at un-sampled locations . 
Geostatistics provides a set of statistical tools for incorporating spatial and temporal 
coordinates of observations in data processing. 
  
  Among all the geostatistical techniques, semivariogram and cross-
semivariogram, kriging and co-kriging are very useful techniques to identify spatial 
patterns and interpolation of values at un-sampled locations. 
  
 Use of geostaistics and GIS is advantageous because variation in the soil 
characteristics is spatial as well as temporal. Classic statistics takes in to account the 
variability in the trial site and it is overcome by blocking and increasing the number of 
replications (Jin et al., 2011). To examine the spatial arrangement, distance and 
proximity special techniques have been developed (Burgess, 1980). Commonly used 
analytical techniques of soil and plant analysis when augmented with GIS and 
geostatistics become more useful for efficient nutrient management. Lack of use of these 
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techniques in the past lead to uniform recommendations on the province basis and thus 
over or under fertilization and thus losses in yield (Shah et al., 2013).  
Semivariance is used extensively to examine the spatial variation in the property of 
interest and interpolation of un-sampled locations (Burgess, 1980; Vieira, 1981; 
Knighton, 1985). Spatial variability is commonly described by the three models which 
include linear, spherical and exponential. Formulae, on which these models are based, 
are given below:- 
Linear Model 
γ(h) = C
0 
+ [ h(C / A
0
) ] 
Spherical model 
γ (h) = C
0 
+ C [1.5(h / A0) - 0.5(h / A0)
3
] for h ≤ A0
 
γ (h) = C
0 
+ C  for h > A0 
Exponential Model 
γ(h) = C0+ C[1 - exp(-h / A
0
)] 
γ (h) = Semivariance  
h = Lag distance 
C0 = Nugget variance 
C = Structural variance 
A0 = Range parameter 
 
 The structure of the model can be explained by three main parameters which 
include nugget (C0), Sill (C0 + C) and range (A0). Nugget variance represents error due 
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to measurement or spatial sources at the distances smaller than the sampling interva l 
(Burgess, 1980). The sill refers to the maximum semivariance that represents the 
variation. It represents a value that the variogram approaches when the distance becomes 
larger and larger. When the sill is exceeded, it sometimes indicates that there is a 
consistent trend in the data. Range in the semivariogram indicates a distance beyond 
which samples behave independently. 
 
 Nugget to sill ratio is used as an indicator for grouping the plant availab le 
micronutrients (variables) to determine the extent of spatial dependence. Ratio less than 
25 represents the highest spatial dependence where as ratio between 25 to 75 percent 
indicates medium spatial dependency. Spatial ratio greater than 75 percent represents 
weak spatial dependence (Attar et al., 2012; Cambardella, 1994). Moreover spatial 
dependence is considered weak if R2 value less than 0.50 (Duffera et al., 2007; Liu et 
al., 2008). The interpolation of unsampled location from sampled locations provide a 
mean to examine spatial processes on an entire surface is known as kriging, a generic 
name adopted in recognition of the pioneering of the work of Daniel Krige. The essence 
of kriging is the weighted average that takes in to account the known spatial dependence 
expressed by the semivariogram. It appears to provide more accurate description of 
spatial structure for studied soil properties than other interpolations as demonstrated in 
many comparative studies. The basic equation for interpolation by kriging at an 
unsampled location is given by  
𝑍𝐾(𝑋0) = ∑ λ𝑖𝑍(𝑋𝑖)
𝑛(ℎ)
𝑖=1
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 Where Zk (X0) = weighted average of the observed value, λ𝑖  = weights associated 
with the data points, which takes in account geographic relationship of the sampled 
points. Points near (X0) carry more weight than distant points; points close together tend 
to have a single while lone points carry full weight. Several assumptions are made in 
kriging. One of the assumptions is stationarity of the data. There are two kinds of 
stationarity : First order stationarity, which assumes that the mean remains constant 
regardless the location. Second order stationarity means that the covariance exists and it 
depends only on the lag distance h but not on the sampling position. Attar et al. (2012) 
applied semivariogram technique to examine the spatial variability of soil available iron 
and zinc in the 1000 km2 in Khouzestan province, Iran. Physico-chemical properties and 
micronutrients were estimated for unsampled locations by collecting 95 soil samples 
from an area. Semivariogram analysis indicated that both studied variables had spatial 
dependence over the wide range of 60 and 46 km respectively. They suggested that 
geostatistics is a reliable method for estimating the soil properties.  Ordinary kriging 
maps estimating the micronutrients of whole area were prepared. 
 
 Liu et al. (2004) applied GIS and geo-statistical techniques to examine the spatial 
variability of plant available micronutrients in the soils of large agricultural area of 541.9 
km2, found that zinc, manganese and iron were strongly spatial dependent over the range 
of 4.41, 2.97 and 23.48 km respectively.  They also recommended the geo-statistics and 
GIS technique for micronutrient management in the soils. 
 
2.5 SPATIALLY VARIABLE RATE TECHNOLOGY  
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 It is the management of spatially variable soils. Fertilizers and other inputs are 
applied to match the spatial pattern in the soil properties or crop productivity. Variab le 
rate technology and associated application system means assuming that application are 
made only in amounts and locations where they are needed i.e. targeted application of 
inputs. Economically variable rate system allows fertilizer money to be spent on the 
areas where response is expected and to be saved where response is unlikely (Bhatti, 
2003). 
 
 In the past soil scientist have been advocating application of variable rates of 
fertilizer to match the pattern in soil fertility but limitation in mapping and input 
spreading technology made it difficult to implement. But now advances in pattern 
mapping and geographic information system processing have recently been developed. 
As a result some technological barriers to manage leveled field with the variable rates 
of fertilizers have already been overcome (Shah et al., 2013; Bhatti, 2003). 
  
 Bhatti (2003) advocated a dire need for the preparation of isarthmic maps of soil 
fertility for delineation of deficient areas in case of macro as well as micronutrients i.e., 
Union councils, tehsil and district. Efficient nutrient management requires preparat ion 
of isarthmic maps for plant available nutrients at some administrative level.  
 
2.6 DEFICIENCY OF ZINC IN THE WORLD 
 Among micronutrients, zinc deficiency is playing havoc with the crop production 
throughout the world. It is estimated that about 50 percent of the world ̉s agricultura l 
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soils are zinc deficient (Khan et al., 2006; Ahmed et al., 2010; Sillanpää and Vlek, 1985). 
This poses a serious threat to crop production. Forty nine countries of the world have 
been declared zinc deficient (Alloway, 2004). The zinc deficiency is not only confined 
to less developed countries but it is also widespread in the developed and technologica lly 
advanced countries like Australia, China and USA. According to a study about 10 
million hectares area of agricultural soils in Turkey and 8 million hectares in Western 
Australia is zinc deficient (White and Zasoski, 1999). Sillanpää (1982) conducted a 
wide-ranging study financed by FAO for indexing micronutrients in different countries 
including developing as well as developed countries. Plant available zinc was 
categorized as deficient in all the thirty countries included in the study. 
 
2.7 DEFICIENCY OF ZINC IN PAKISTAN 
 Alkaline and calcareous natures of soils are conducive for zinc deficiency in 
Pakistan. These soils also have low capacity to supply zinc (Tinker and Lauchli, 1984). 
Moreover, precipitation and sorption of zinc to become unavailable to plants is another 
problem of the area (Khoshgoftar et al., 2004). Salt stress conditions in the arid and 
semiarid climates exacerbate the zinc deficiency in the area. It was estimated that 50-70 
percent agricultural soils in India and Pakistan are zinc deficient (Alloway, 2008).  
Assuage of hadda ailment in the rice by zinc application resulted in to an important 
information that zinc is essential element for plant growth (Yoshida and Tanaka, 1969). 
Later studies indicated that 86 percent soils of the country have low zinc content (Kausar 
et al., 1976). Khattak and Parveen (1986) advocated that zinc deficiency prevailed in 23 
percent of the soil samples analyzed from KPK. Crop plants like rice, maize, cotton, 
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citrus and deciduous fruits are influenced by zinc deficiency at varying levels (Chaudhry 
et al., 1977; Anonymous, 1998; Ahmed et al., 2010). Zinc deficiency leads to low yield 
and poor quality of agronomic and horticultural crops (Rashid and Fox, 1992). 
  
 Zinc exists in the soils either in  i) soil solution, ii) adsorbed cations, iii) occluded 
in  carbonates and hydrous oxides, iv) biological residues and living organisms, or v) in 
the lattice structure of primary and secondary minerals (Reed and Martens, 1996). Zinc 
can be classified into five chemical fractions like water soluble, easily exchangeab le, 
adsorbed, and precipitated with secondary minerals and bound to primary minera ls 
(Viets, 1962). 
 
2.8 ZINC FRACTIONS IN THE SOILS 
 An understanding about the zinc availability to plant can be made by estimating 
various zinc fractions in the soils. Potential labile source of immediate zinc availability 
is constituted by water soluble and exchangeable fractions in the soils (Li and Shuman, 
1997). A non labile pool of zinc is termed as residual zinc which is tightly bound and 
not available to plants (Xian, 1989; Clevenger and Mullins, 1982). Zinc fractions in the 
soils are correlated well with various physico-chemical characteristics of soils (Sharma 
et al., 2004). Soil solution is an instant pool of nutrients which are absorbed by the plant 
roots (Barber, 1995; Marschner, 1995). Replacement of soil solution for that particular 
nutrient is made by the nutrient which is detained in soil solid phase in various forms. 
Relationship of plant available zinc with other fractions gives us clue about the 
replenishment of soil solution zinc from solid phase (Figure 1). 
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 Various sequential extraction procedures (McLaren and Crawford, 1973; Tessier 
et al., 1979; Shuman 1979; Shuman, 1985; Salbu et al., 1998; Ahnstrom and Parker, 
1999) have been developed for the assessment of different zinc fractions in depending 
upon soil type. Knowledge about various fractions of zinc occurring in the soils is 
necessary (Sims and Johnson, 1991) for choosing an appropriate method which can 
effectively remove nutrients from that particular fraction (Nascimento et al., 2007). 
More than 90 % of zinc bioavailability is considered to be controlled by soil pH. This is 
mainly due to differences in soil pH values . In the Indo-Gangetic plains of India and 
Pakistan, zinc deficiency in the plant is associated to alkaline pH of the soils (Qadar, 
2002). Increase in soil pH causes a substantial decrease in zinc solubility (Lindsay, 
1979). At high pH, precipitation reactions are more pronounced as compared to lower 
pH. Zinc solubility and its bioavailability is diminished at alkaline pH of soils (Gupta et 
al., 1987). Adsorption mechanisms vary with the varying pH of soils (McBride and 
Blasiak 1979).  
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Figure 1.  Schematic diagram of zinc dynamics in the soils (Reproduced from Havlin et 
al., 2005) 
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2.9 FACTORS INFLUENCING ZINC BIOAVAILABILITY 
 
 
2.9.1 Soil pH 
 According to Singh and Abreu (1996) precipitation and adsorption may occur at 
pH 6 to 7.9. Hydrolyzed form of zinc (Zn (OH) +) may be specifically adsorbed at neutral 
to alkaline pH and contribute to zinc deficiency in plants (Jeffery and Uren, 1983).  
Increase in number of negative sites on clay minerals and soil organic matter results due 
to alkaline pH (Harter, 1983; McBride, 1989).  
  
 Zinc is strongly bound to clay minerals under alkaline conditions (Jurinak and 
Bauer, 1956; Lindsay, 1978; Jeffery and Uren 1983; Harter, 1983) reducing the zinc 
availability to plants. Hundred folds decrease in zinc availability to plants occurs due to 
one unit increase in pH (Lindsay, 1979).  
  
 Solubility and bioavailability of zinc is also governed by the organic matter in 
the soils (Shuman, 1985; Harter, 1991; Barrow, 1993). Increased organic matter content 
results into an increase in the zinc bioavailability due to formation of complexes between 
organic matter and zinc that protect it from leaching, another important factor 
responsible for the positive correlation between the organic matter and zinc are chelating 
agents produced by the micro organisms present in the organic matter which enhance 
the zinc availability (Ozkutlu et al., 2006; Amanullah, 2006). Many studies have 
revealed an increase in zinc solubility to plants by the application of different organic 
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materials like Sinha and Prasad. (1977), Arnesen and Singh (1998) and Tarkalson et al. 
(1998). 
 
2.9.2 Organic Matter 
  Organic matter may immobilize zinc by the high molecular weight organic 
substances or solubilize by short chain fatty acids and basis (Tisdale et al., 1993). 
Organic matter hold plant available zinc through its functional group of weak acids 
(Kabata-Pendias and Pendias, 1984). Sulfur containing liginds are also concerned with 
the metal sorption (McBride, 1989; Barrow 1993). 
   
 Zinc deficiency is also a well established phenomenon in organic soils (Verloo, 
1980; Stevenson 1991). Catlett et al. (2002) observed a strong inverse relationship 
between soil organic matter and soluble zinc in the rhizosphere. By forming insolub le 
zinc complexes, soil organic matter may acts as a non-labile pool and adsorbs higher 
zinc concentration in polluted soils. Conversely, diminished zinc solubility and 
bioavailability was observed in the soils with the low organic matter content (Ozkutlu et 
al., 2006).  
 
2.9.3 Calcareousness 
 Calcareousness of soils is one of the main reasons for the deficiency of zinc in 
the soils of Pakistan (Rashid and Rayan, 2004). Formation of sparingly soluble ZnCO3 
and adsorption of zinc on the surface of CaCO3 are the main reasons for zinc deficiency 
in the soils (Udo et al., 1970). CaCO3 surfaces provide sites for adsorption and 
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precipitation of zinc and other metal ions (McBride, 1979; Papadopoulos and Rowell, 
1988; Zachara et al., 1991). Maximum zinc adsorption in the calcareous soils was 
observed due to CaCO3 content. Carbonate bound zinc content are higher in the soils 
which are calcareous in nature (Shukla and Mittal, 1979; Imtiaz et al., 2006). In addition 
to that active clay-size fraction of CaCO3 is more important compared to total calcium 
carbonate (CaCO3) equivalent contents (Elrashidi and Connor, 1982). Diffusion rates of 
zinc are half in the calcareous soils as compared to acidic soils.  Diffusion coefficient of 
zinc in the acid soils is decreased by liming of acid soils (Moraghan and Mascagni, 
1991). This high attraction of CaCO3 surfaces to zinc is related to the CaCO3 and Mg 
content, surface area, negative surface charge and final pH values (Saleh et al., 1998).  
 
2.9.4 Soil Salinity 
 Strong competition of salt cations with the zinc at root interface might be one of 
the reasons for zinc deficiency in the saline soils (Tinker and Lauchli, 1984). Enhanced 
Cd2+ uptake by plants in saline soils also results in zinc deficiency, indicates an 
antagonistic relationship between zinc and Cd2+ (Jalil et al., 1994). Formation of CdCl2 
complex which is more soluble and can be easily absorbed by plant roots under salt 
stressed conditions (Khoshgoftar et al., 2004). Reduction of Cd2+, Na+ and Cl- absorption 
by plant roots due to zinc application increases plant growth (Abd-El-Hady, 2007). 
Widening of Ca/Na and K/Na ratios in the plants might be other reason for improving 
salt stressed conditions (Shukla and Prasad, 1974; Shukla and Mukhi, 1980). 
  Improved plant growth by zinc application under salt stress might be due to the 
participation of zinc in the regulation of incursion and efflux of Na across the cell 
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membrane (Aktas et al., 2006) because zinc maintains membrane integrity (Cakmak, 
2000). Moreover, zinc also plays an important role in the detoxification of free oxygen 
radicals which are the consequence of salt stressed conditions (Cakmak and Marschner, 
1993).  
 
2.9.5 Clay Minerals 
 Bioavailability is also affected by the clay minerals and Fe and Mn oxides. 
(Barrow, 1993). Pickering (1980) advocated that kaolinite retain less zinc as compared 
to illite and montmorillonte. More isomorphic substitution and permanent charge in illite 
and montmorillonite clay minerals than kaolinite might be the possible reason for more 
retention on illite and montmorillonite. 
 
2.9.6 Plant Factors 
 Species and varieties of plants differ in their susceptibility to zinc deficiency. 
Corns and beans are very susceptible to low zinc. Fruit trees in general and citrus, peach 
and apple in particular are very sensitive to zinc deficiency (Havlin et al., 2009). 
Phosphate has long been considered a ligand that can disrupt iron nutrition of plants even 
though tissue iron seems adequate in for normal growth. It is suggested that in some 
cases iron may precipitate as FePO4 in the leaf veins. Biddulph and Woodbridge (1952) 
suggested that FePO4 precipitates in vascular tissues of bean leaves, and Rediske and 
Biddulph (1953) emphasized external phosphorous and pH effects on iron and 
phosphorous mobility which discloses a reasonable uncertainty about precipitat ion 
reactions in leaf veins. Whether mesophyll cells could not receive iron supply or whether 
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anions such as OH- or PO4-3 caused iron precipitaion could not determined. Suspecting 
the latter, Biddulph (1953a) offered radiograph of 32P, similar to those for 55Fe, as partial 
proof of FePO4 precipitation in leaf veins. Biddulph (1953b) also have shown that plants 
grown in high phosphorous solution contain zinc that apparently was precipitated in leaf 
veins. 
  
 Many investigators have discussed these and similar examples and apparently 
accepted them as models for iron and zinc inactivation in vivo. Unfortunately, there has 
not been a continued extensive research for explicit knowledge of these reactions. It is 
undeniable that plant confined to solutions of high phosphorous which manifes t 
deranged transport and metabolism of iron and zinc. It is not clear, whoever, that such 
example correspond unmistakenably two problems in the field. Further, there is growing 
caution about analyzing from one species to another or from one soil or solution to 
another in attempting to understand phosphorous metal inactivation.   
   
  Similar responses were reported in corn, decreasing zinc treatments increased 
phosphorous nearly seven times. In leave tissue but only three times in stems and roots. 
The iron accumulation paralleled that of phosphorous in leaves, indicating that iron and 
phosphorous in transit were not precipitating in roots and stems. Manganese also had 
greater mobility and high phosphorous in low zinc levels. 
 Bidulph (1953) has given general terms the composition of precipitates on 
surfaces of bean roots. Phosphate was predominant at solution pH values below 6. At 
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pH 6 some Ca was present, and at pH 7 calcium was an important constituent, along 
with iron and phosphorous.  
  
 The cuticle of leaf is not continuous and impermeable but allows passage in two 
directions, as demonstrated by nutrient uptake after spring or loss of metal and other 
substances through leaching by dew and rain. Tukey and Morgan (1962) list about 90 
plant species from which material have been leached. Among the many substances lost 
from foliage in this way or mineral element, including manganese, iron and zinc. 
Hydathodes and leaf surfaces contribute to leaching. Leaves of cauliflower may become 
merely covered in the layer of materials deposited by guttation (Tuky and Morgan, 
1962). The seriousness of leaching in limiting plant growth and causing economic loss 
cannot be easily assessed actually, leaching may permit increase growth in situation 
where plants might otherwise accumulate toxic leaves of nutrients in their foliage. Tuky 
and Morgan, 1962 noted that castor bean under some cultural conditions must be 
syringed daily to survive. Major cations such as calcium lost by leaching can be 
replenished by increased root uptake and translocation in to deficient leaves.   
  
 Another phenomenon in all the plants which can be considered as necessary evil 
in terms of nutrient loss is guttation. Under some conditions hydathodes contribute large 
quantities of materials that can be washed from plant leaves. For example leaves of 
cauliflower may become nearly completely encrusted by materials from guttation 
(Tucky and Morgan, 1962). Curtis (1943) has shown striking photographs of heavy 
guttation deposits of salts on leaf tips of lawn grass and several other plants. This 
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occurred after heavy fertilization with (NH4)2 SO4 and KCl. He dissolved the deposits 
from ten grass blades in 5 mL and found a number of substances including 40 µg/g 
potassium, 4 µg/g phosphorous and 4 µg/g magnesiu and traces of manganese. 
  
 Living cells are between xylem and hydathodes of some plants, a direct flow of 
xylem fluid to hydathodes has been questioned (Bollard, 1960). Flow of liquids in a 
reverse direction, however can be fairly rapid. Curtis (1943) placed crystals of neutral 
red in guttation droplets on the edge of a squash leaf and observed that in 20m of sunlight 
the droplet had been drawn back in to leaf. The path of neutral red was visible about 4 
cm in to the vascular system. Oertli (1962) has shown that barley seedlings given 10 to 
50 µg/g boron nutrient solution produced guttation fluids in which B increased steadily 
to levels above those of the external solution. He also had shown that in in 20 to 50 hours 
of continuous guttation, barley seedlings can lose up to 80% of their previously absorbed 
B. These data showed that boron is not precipitated or fixed permanently in leaves. 
Boron apparently can circulate in the leaf, reenter the xylem and move out the 
hydathodes, but not move long distances in phloem. Langston (1956) has shown that 
cabbage seedlings absorbed 60C0 and translocated it to leaf margins where it accumula ted 
and with time was released by guttation.  
 
2.10   RESPONSE OF ORCHARDS TO MICRONUTRIENT APPLICATION  
 Micronutrients are not only applied to fruit trees for improving yield but also to 
improve quality. Storage of fruits may also be impaired by low boron levels. A little 
work has been done on the response of orchards to micronutrients application. 
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Field experiments conducted by Raina et al. (2002) suggested maximum increase 
in the yield of apple orchard with the application of 10 kg zinc per hectare. Positive 
response was showed by sweet orange (blood red) in Haripur district  in terms of yield 
and quality by the application of different doses of fertilizers of zinc, copper, iron and 
manganese (Khurshid, 2003) . Increase in mineral content in the apple leaves and fruits  
were also recorded by Amiri et al. (2008) when apple orchards were fertilized by zinc 
sulphate through ground and foliar applications. 
 
Zinc and boron application in high density apple orchards on coarse textured 
soils, containing four cultivars (Gala, Fuji, Fiesta, and Spartan) have also been proved 
beneficial. Application of zinc and boron ranging from no to foliar application and 
fertigation of 3.5g zinc per tree and 0.34 g boron per tree during the growing season in 
the orchards having deficient concentration of zinc (14ppm) and boron (20 ppm) in 
leaves and with the blossom blast (boron deficiency symptoms). Foliar application of 
both nutrients increased their respective leaf concentration and ameliorated boron 
deficiency symptoms and increased leaf boron concentration from 31 to 60 ppm and zinc 
concentration from 20 to 50 ppm values with in sufficient range for apple. Generally, 
cultivars responded similarly to boron and zinc treatments. Whereas fertigation of zinc 
did not increase the zinc contents in leaves (Neilsen et al., 2004). Therefore application 
of small amounts of foliar application of zinc and boron not only leads to sufficiency in 
the leaves but also improves the quality and yields of fruits. 
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 Balesini et al. (2013) evaluated the effect of organic materials, micro and macro 
elements on the yield and quality of apple fruits. Their results indicated maximum yield, 
fruit size and fruit weight, shoot growth and total soluble solids with the zinc and boron 
application. Titratable acidity decreased significantly with the zinc fertilizat ion. 
Similarly Zhang et al. (2013) also observed an increase in the firmness, soluble solids 
and vitamin C of apple fruit with zinc fertilization.  
 
 Wojcik (2007) conducted a field trial to examine the influence of zinc application 
on the yield and quality of apple fruits. Field trials were conducted during the year 2004-
05. Soils of the apple orchards were acid coarse-textured. Apple trees were sprayed 1M 
hydrochloric acid (HCl)-soluble zinc level. Trees were sprayed with zinc: (i) prebloom, 
at the stage of silver tip, and tight cluster at a rate of 140 and 100 g ha−1, respectively, 
(ii) postbloom, at the stage of petal fall, and 2 weeks later at a rate of 80 g ha−1 in each 
spray treatment, and (iii) postharvest, 4–5 weeks before the natural leaf fall at a rate of 
500 g ha−1. Other trees were supplied with zinc to soil at a rate of 3 kg ha−1. In all the 
studied treatments, zinc was used as ethylenediaminetetraacetic acid (EDTA). Trees 
unsupplied with zinc served as the control. Tree vigor, fruit set, yield and fruit quality at 
harvest (mean fruit weight, firmness, color, russeting, soluble solids concentration, and 
acidity) were not influenced by zinc fertilization. Postharvest zinc sprays slightly 
damaged leaf tissues but did not cause defoliation. Soil zinc application raised zinc  
concentrations in flowers, and leaves 28, 56, and 84 days after petal fall. Pre- and 
postbloom zinc sprays increased zinc status in flowers and leaves 28 days after 
flowering, respectively. The obtained results indicate that zinc fertilization of ‘Jonagold’ 
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apple trees with zinc status in mid-summer leaves and flowers of 17 µg/g and 27 µg/g, 
respectively, is not successful in improving vigor and tree yield. 
 
  Malakouti (2001) advocated a positive influence on apple yield and fruit quality 
due to zinc application in two apple orchards (‘Red Delicious’ and ‘Golden Delicious’, 
(Malus domestica Borkh.) in the calcareous soils of Iran. Browning incidence was also 
reduced.  
  
 Zinc and manganese fertilizaiton was also found to improve the yield and quality 
of pomegranate fruits grown in the soil having pH of 7.5 and EC of 5.2 (dS/m). Zinc and 
manganese sulfate was applied two times at the rate of 0, 0.3 and 0.6 percent under a 
factorial design on the base of completely randomized blocks. Mn sprays had positive 
significant effects on the fruit yield, the aril/peel ratio, total soluble solids, weight of 100 
arils, juice content of arils, anthocyanin index, fruit diameter and leaf area. Zinc 
significantly influenced the total soluble solids, total soluble solids to titratable acidity 
ratio, juice content of arils and leaf area. Foliar spray of manganese significantly 
increased manganese and nitrogen but decreased zinc and copper concentrations in 
leaves. Foliar sprays of zinc significantly increased zinc but decreased manganese and 
phosphorous concentrations in the leaves (Hasani et al., 2012). It is apparent from the 
studies mentioned above that apple orchards respond positively to the application of 
micronutrients. Yield and quality of fruit orchards can be improved by the application 
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of micronutrients in Pakistan. Extensive research is required to determine the proper 
doses of nutrients. 
  
 Fruit quality is the degree of excellence or superiority of fresh fruits and their 
products is a combination of attributes, properties or characteristics features that give 
each commodity value in terms of human food. Components of fruit quality include size, 
colour, firmness, soluble solids, acidity and sugar content. Each quality parameter is 
influenced by various pre-harvest and post-harvest factors. Some of the factors are out 
of our control like weather, site suitability and variety's genetic potential. Similar ly 
various management practices which can be included in the preharvest factors like 
pruning, training, nutrient management also influence various fruit quality parameters. 
According to Farooqi et al. (1994) other postharvest factors that weigh down the fruit 
quality include the  
(i). Loss of moisture from the surface of produce through evaporation, 
 transpiration,  and respiration. 
(ii).  Loss of moisture from the produce results in shrivelling and loss of market 
 value.  
(iii). When produce is stored at higher that optimum temperatures, increased 
 metabolic rate, especially respiration, results in the onset of early senescence 
 and ultimately the death of tissue.  
(iv). Interruption in the metabolic activity of the produce, due to either extremely 
 low or high temperature. At sub-optimal temperatures, the produce 
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 temperature, the produce may exhibit the physiological disorder chilling injury. 
 This happens with tropical fruits like bananas, mangoes, and avocados.  
(v). At high temperatures, above 30 0C, the produce gets boiled. In this case, its 
 external appearacnce deterioratesand it spoils quickly. Invasion of produce by 
 various pathoges results in fruit rot. Injured and senescent tissue is more 
 sensitive to attack of decay causing microorganisms. 
 
2.11 PREHARVEST FACTORS INFLUENCING FRUIT QUALITY 
 Preharvest excellence of horticultural crops is closely influenced by various pre-
harvest factors, comprising environment and cultural practices. Regular growing 
temperatures, light conditions, amount of precipitation and irrigation, mineral nutrit ion 
status and fertilization, pest management and ripeness at the time of harvest can directly 
or obliquely influence postharvest quality (Wang, 1996). In the developing countries 
like Pakistan, nutritional disorders along with faulty management practices might be one 
of the main reasons contributing to low yield and quality of apple (Ahmed et al., 2014). 
Among nutrient management, micronutrients are given less attention, besides they play 
a vital role in the fruit production while zinc deficiency is well documented phenomenon 
in the apple orchards of Pakistan (Ahmed et al., 2010; Shah and Shehzad, 2008). 
 
 
2.12 PHYSIOLOGICAL FUNCTIONS OF ZINC IN PLANTS 
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 A number of cellular functions in the plants such as protein metabolism, gene 
expression, biomembrane integrity, photosynthesis and indole acetic acid metabolism 
are governed by zinc (Marschner, 1995).  
 
2.12.1 Role of Zn in Photosynthesis 
 Reduced photosynthesis is one of the main consequences of zinc deficiency 
(Shrotri et al., 1981; Seethambaram and Das, 1985). Zinc deficiency leads to reduction 
of net photosynthesis up to 50-70 percent in different plant species (Pearson and Rengel, 
1997; Alloway, 2004). Decreased Hill reaction activity leads to reduced photosynthes is 
which is attributed to low chlorophyll concentration (Sharma et al., 1992) and 
commotion in the structure of chloroplast (Brown et al., 1993) of zinc deficient plants. 
Sharma et al. (1994) reported reduction in CO2 supply because of decreased stomatal 
conductance under zinc deficiency in the cauliflower. Synthesis of chlorphyll and 
carotenoid is also governed by zinc in the plants. So zinc is necessary for proper 
functioning of photosynthetic machinery (Aravind and Prasad, 2004).  
 
2.12.2 Carbonic Anhydrase 
 Carbonic anhydrase (CA) is omnipresent zinc-containing metalloenzyme 
catalyses the interconversion of CO2 and HCO3 during photosynthesis in plants 
(Colman, 1991; Badger and Price, 1994). Carbonic anhydrase activity is reduced in 
many plant species due to Zinc deficiency (Ohki, 1976; Gibson and Leece, 1981; Rengel, 
1995). Substantial reduction in net photosynthesis due to reduced carbonic anhydrase 
activity has been observed (Pandy and Sharma, 1989; Hudson et al., 1992).  Carbon 
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dioxide supply at the carboxylation site in the chloroplast during the process of 
photosynthesis is accomplished by CA; Carbonic acid also serves as a source of zinc 
under zinc deficiency (Sasaki et al., 1998; Rengel, 1995). 
 
2.12.3  Auxin Synthesis 
 Zinc also plays an important role in the synthesis of auxin in the plants (Tsui, 
1948 ; Alloway, 2004). In contrary to above Skoog (1940) advocated the involvement 
of zinc in keeping the auxin in the active conditions rather than its synthesis. Reduced 
concentration of indoleacetic acid due to zinc deficiency results in stunted plant growth 
and smaller leaf size. Disfigurement of auxin synthesis might be either because of 
reduced synthesis of indoleacetic acid or improved oxidative dilapidation of indoleacet ic 
acid by reactive oxygen species produced under zinc deficient conditions in the plants 
(Cakmak et al., 1989; Marschner, 1995). Zinc deficiency in plants causes a decrease in 
production of indoleacetic acid and this reduction in return leads to reduction of distance 
between nodes, known as shortening of internodes and also limited leaf growth, 
characteristics of rosetting or clustering of immature leaves appear in the younger leaves 
of the plants (Havlin et al., 2005). 
 
2.12.4 Reproduction 
 Zinc plays an important role in reproduction of plants through flowering and seed 
production. Zinc deficiency causes pollen sterility (Wojcik, 2007; Sharma et al., 1979). 
Formation of abscisic acid in the plants under zinc deficiency might be the main reason 
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for premature abscission of leave and flower buds leading to defects in the development 
of anthers and pollen grains and thus poor fruit set (Brown et al., 1993; Alloway, 2004). 
 
2.12.5  Membrane Stability 
 Zinc plays a vital role in structure and functions of membranes (Alloway, 2004). 
Greater leakage of P-32 and Cl-36 in zinc deficient plants was observed which suggests 
a role of zinc in membrane integrity (Welch et al., 1982).  Plasma membranes integrity 
is disturbed by reducing phospholipids and sulfhydral groups and increased production 
of super oxide radicals due to Zinc deficiency (Cakmak and Marschner, 1988; Welch 
and Norvell, 1993; Pinton et al., 1994). Reduced synthesis of sulfhydryl groups in the 
cell membrane of barley plants under zinc deficient conditions was observed by Welch 
and Norvell (1993). Zinc fertilization was also resulted in a decrease in leakage in the 
plasma membrane (Rengel, 1995). 
 
2.12.6 Role of Zn in Protein Synthesis 
 Zinc is concerned with the protein synthesis and its content in plant tissues 
decrease due to zinc deficiency (Marschner, 1993). Decreased protein synthesis is 
reduced by decreased production of RNA or by deformation of ribosomes (Alloway, 
2004). Zinc is also concerned with DNA replication, translation and transcription steps 
of gene expression. Therefore zinc deficiency in plants causes total protein content 
(Brown et al., 1993; Marschner, 1995). Production of free amino acid in the plants and 
changes in amino acid composition are also consequences of zinc deficiency (Durzan, 
1995). 
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2.12.7 Detoxification of Reactive Oxygen Species  
 Increase in production of reactive oxygen species (ROS) is also a main 
consequence of reduced zinc supply in plants (Marschner and Cakmak, 1989; Cakmak 
et al., 1995). Zinc deficiency causes an increased production of ROS because of an 
increase in NADPH- dependent oxidase (Cakmak and Marschner, 1988; Pinton et al., 
1994) or by decreasing NADP/ NADPH ratio (Sharma et al., 1995).  Detoxification of 
superoxide radical (O2-) and hydrogen peroxide (H2O2) are also related to zinc 
application (Cakmak, 2000). Oxidative stress-induced expression of genes encoding 
H2O2  scavenging ascorbate peroxidase and glutathione reductase (Gressel and Galun, 
1994; Allen, 1995; Alscher et al., 1997). Morover antioxidative protection system of 
plant cells also contains superoxide dismutases (SODs) as an important constituent 
(Fridovich, 1986; Bowler et al., 1994). Zinc deficiency is related with reduction in total 
superoxide dismutases (Cakmak et al., 1997; Cakmak, 1999) 
 
 
 
 
 
 
Chapter 3 
MATERIALS AND METHODS 
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3.1 DESCRIPTION OF THE SURVEYED AREA 
 Murree area comprising 15 Union Councils (administrative units) is located 
between the 330 54' 26.56" N and 730 23' 37.68" E on the north east of Islamabad (capital 
city of Pakistan) and spread over the 434 km2 (Figure 2). Climatic conditions are 
congenial for growing apple orchards. Thirty representative apple orchards of Murree 
area were selected for soil and foliage sampling. Whole area was classified in to low, 
medium and high fertile areas.  
 
3.2 SOIL AND FOLIAGE SAMPLING AND PREPARATION 
 Six composite soil samples per orchards were collected up to three depths (0-15, 
15-30 and 30- 45 cm). For each composite sample a grid of 6 m2 was used. This sampling 
protocol was adopted for all thirty apple orchard under survey to cover the whole apple 
producing area of Murree. Coordinates were recorded with the help of GPS (Garmin e-
trex).  
  
 Soil samples were dried, sieved through 2 mm sieve and used for analyses. 
Foliage samples were cleaned, washed and dried in an oven at 65 0C for 24 hours to stop 
enzymatic activity. Samples were ground mechanically. Finally ground material was 
again dried at 65 0C to obtain constant weight before weighing the samples. 
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Figure 2. Geographical location of the study area: (a) Pakistan (b) Murree map 
indicating all Union Councils (c) Map indicating apple producing region   
(a) 
(b) (c) 
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3.3  SOIL ANALYSES 
 
 Soil texture was determined by dispersing the soil in sodium hexametaphospha te 
(Na PO3)6 and sodium carbonate (Na2CO3) and density was recorded by hydrometer at 
specific time intervals (Gee and Bauder, 1982). Calcium chloride (CaCl2) solution (0.01 
N) was used to make 1:2 soil and solution suspension to determine the pH. Calibrated 
pH meter was used to record the pH of the suspension (McLean, 1982). Soil to deionized 
water suspension (1:1) was used to determine the electrical conductivity (EC). Electrica l 
conductivity was determined by using calibrated electrical conductivity meter (Richards, 
1954). Total organic matter was determined by wet digestion in K2Cr2O7 and 
concentrated H2SO4 and titrating against Fe (NH4)2(SO4)2 solution. One gram of soil 
was mixed with ten mL of 1N K2Cr2O7 in a 500 mL Erlenmeyer flask and 20 mL of 
concentrated H2SO4. Mixture was diluted by adding 175 mL of dionized water followed 
by 10 mL of orthophosphoric acid (H2PO4). The aliquot was titrated against 0.5M Fe 
(NH4)2(SO4)2 after addition of 10-20 drops of indicator diphenylamine, unless sharp 
green color end point appears (Nelson and Sommers, 1982). Calcium carbonate content 
were measured by reacting calcium carbonate content with excess HCl acid. Acid not 
used in dissolution of carbonate was back titrated with sodium hydroxide (Drouineau, 
1942). 
 
 AB-DTPA method was used for the determination of nitrate-nitrogen, 
phosphorus and potassium (Soltanpour and Workman, 1979). A 125 mL of conical flask 
was taken having 10 g air- dried soil and 20 mL extracting solution (1M NH4HCO3 and 
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0.005M DTPA). It was shaken on a reciprocal shaker for 15 minutes at 180 cycles per 
minute with flasks kept open. The extract was filtered through Whatman No.42 filter 
paper. Micronutrient cations i.e. iron, zinc, copper and manganese were determined by 
analyzing the extract on atomic absorption spectrophotometer. 
 
3.4 PLANT ANALYSIS 
 Micro nutrient cations i.e. iron, zinc, copper and manganese were determined by 
dry ashing. Ground plant material weighing one gram was taken in 30-50 mL porcelain 
crucibles. Porcelain crucibles were then placed in cool muffle furnace and temperature 
was increased gradually to 550 0C. Ashing was continued for 5 hours after attaining 550 
0C. Muffle furnace was shut off and door was opened for rapid cooling. Crucibles were 
taken out carefully after cooling. Cooled ash was dissolved and mixed in 5mL 
hydrochloric acid (2 N). After 15-20 minutes, volume was made up to 50 mL using DI 
water. It was mixed thoroughly and allowed to stand for 30 minutes. It was filtered 
through Whatman No 42. Aliquots were analyzed by atomic absorption 
spectrophotometer for copper, iron, zinc and manganese (Chapman and Pratt, 1961). 
 
3.5 FARMERS' PERCEPTION ON YIELD LIMITATION  
  One hundred orchard growers were interviewed using their mother 
tongue to evaluate the existing agro-technology to identify the causes for low yield of 
apple orchards in the area. Interviews were recorded and a questionnaire (Appendix-3) 
containing 18 questions was filled.  Following hurdles were observed as hindering the 
apple yield.  
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3.6  GEO-STATISTICAL ANALYSIS OF MICRONUTRIENTS 
 Recorded coordinates at the time of sampling were used for mapping using Arc 
GIS 10.1 software, whereas geostatistical analysis was performed by GS+ software. 
Semivariogram analysis was applied to examine the degree of spatial dependence of 
plant available micronutrients in the soils at three soil depths (Bhatti et al., 1991). Range 
of spatial dependence was established using the uniform interval of 2500 m.   
 After the establishment of spatial dependence, ordinary kriging was applied to 
prepare the prediction maps (Isaaks and Srivastava, 1989). Nugget was considered as 
experimental error or the uncertainty due to the sampling error or small scale variabilit y. 
Partial sill represented the variations due to parent material variability and vegetation. 
Semivariance indicated dispersion of all observations below the mean or target value of 
the data set. Range delineated the separation distance over which the spatial dependence 
was found apparent (Aishah et al., 2010). 
 
  Nugget to sill ratio was used as an indicator for grouping the plant availab le 
micronutrients (variables) to determine the extent of spatial dependence. Ratio less than 
25 represented the highest spatial dependence whereas ratio between 25 to 75 percent 
indicated medium spatial dependency. Spatial ratio greater than 75 percent represented 
weak spatial dependence (Cambardella, 1994; Attar et al., 2012).  Moreover, spatial 
dependence was considered weak if R2 value less than 0.50 (Duffera et al., 2007; Liu et 
al., 2008). Ordinary kriging was used as a spatial interpolation technique because of its 
higher flexibility. Various models were compared by using cross validation indicators. 
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Mean error (ME), root mean square error (RMSE), average standard error (ASE), mean 
standard error (MSE), and root mean squared standardized error (RMSSE) were used 
for comparing various models and to check the correctness of simulation (Robinson and 
Metternicht, 2006). Average standardized error close to RMSE was considered as 
prerequisite for correct prediction (Hani et al., 2010). 
 
3.7  ZINC NUTRITION MANAGEMENT IN THE ORCHARDS 
 
3.7.1 Zinc Application and Fruit Harvest   
 Six apple orchards categorized on the basis of initial zinc level were selected to 
conduct a trial. From each category i.e., low zinc orchards (plant available zinc < 0.90 
µg/g), medium zinc orchards (plant available zinc = 0.90- 1.5 µg/g) and adequate zinc 
orchards (plant available Zn >1.5 µg/g) were taken as experimental sites. Zinc at the rate 
of 0, 20, 30 and 40 g per tree was applied to three plants in each orchard. In addition 
each plant received 250, 225 and 225 g nitrogen, phosphorous and potassium, 
respectively. Crop was raised under the management practices as advised by the Punjab 
Fruit Research Station Sunny Bank. The fruit was handpicked at maturity in the month 
of July, 2012. Data for yield and number of fruit per tree was recorded on the spot. 
Twenty fruits per tree were packed in high density polyethylene bags of 0.09 mm 
thickness and were transported on the same day to the Post Harvest Laboratory at the 
Department of Horticulture, Pir Mehr Ali Shah Arid Agriculture University Rawalpind i. 
The fruit were clipped from bunches, uniform fruit were sorted, washed with distilled 
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water to remove any dirt or residuals material and air dried and were used for the analys is 
of fruit quality parameters. 
 
3.7.2 Yield Parameters   
Numbers of fruits per plant were counted and yield per tree was recorded. Fruit 
diameter was measured by a vernier calliper. 
 
3.7.3 Fruit Quality Parameters  
Ascorbic Acid was determined by method described by Hans (1992). Apple pulp 
(5 g) from ten fruits of each replication in a treatment was homogenized in five mL of 
one percent HCl (w/v) and was centrifuged at 10,000 x g for ten minutes. The absorbance 
of supernatant was measured at 243 nm. For calibration the standard solutions were 
prepared in the same manner. The Ascorbic acid content was calculated as mg per 
hundred gram edible portion.   
 
Total sugars were estimated by titration of the pulp sugars against Fehling 
solution in the presence of concentrated HCl and lead acetate. Reducing sugars were 
determined by the titration of juice against Fehling solution using dilute HCl and lead 
acetate (Horwitz, 1960). Non reducing sugars were estimated by the difference method. 
Fruit firmness was determined by peeling the fruit at two equatorial sites and measuring 
fruit firmness by means of Wanger ®    Fruit firmness tester using 10 fruits from each 
treatment. 
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 Relative electrical conductivity was measured by the method described by Fan 
and Sokorai (2005). Ten slices of flesh tissue was excised from ten fruits of each 
replication in a treatment by 10 mm stainless steel cork borer and was washed in DI 
water, dried and put in to 100 mL conical flasks containing 50 mL of DI water. Initia l 
electrolyte leakage was determined at 1 min (C1) and 60 min (C 60) of incubation. 
Samples was autoclaved at 121 0C for 25 minutes, after cooling the solution was re-
adjusted to a volume of 50 mL and total conductivity was measured. The relative 
Electrical Conductivity was measured by the following equation: 
REC (%) = (C60 - C1)/ CT x 100 
 
 Titratable acidity was measured by titrating the dilute homogenized filtered 
extracted juice against 0.1 N NaOH using phenolphthalein indicators till the appearance 
of light pink color.  
 
Total Soluble Solids (TSS) was determined by method described by Dong et al 
(2001). One wedge shaped slice of uniform size from ten fruits per replication in each 
treatment was juiced together for a composite sample. TSS in Brix % was measured by 
a hand refractrometer. Homogeneous fruit sample for each replication in every treatment 
was dried; ground and zinc contents in the fruit were determined by the method 
described by Chapman and Pratt (1961). 
3.7.4 Soil Zinc Fractions 
Sequential extraction of soil samples for various zinc fractions was carried out 
(Tessier et al., 1979). The scheme followed for sequential extraction of soil zinc is 
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presented in Figure 3. Zinc present in various extractants was measured using atomic  
absorption spectrophotometer.  
 
3.7.5 Statistical Analyses 
 Descriptive statistic was applied to the data obtained from survey studies . 
Variance in the parameters was analyzed statistically using Statistix. Data obtained from 
field experiments were subjected to analysis of variance to evaluate the impact of zinc 
on various traits. The difference among treatments was checked by least significant 
difference method (Steel et al., 1997). 
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Figure  3.  Procedure for sequential extraction of zinc (Tessier et al., 1979) 
  
2 g soil
(50 mL polypropylene tube)
Soil
Extract A 
(Exchangeable)
16 mL Mg Cl2
Centrifuge @ 10,000 
rpm, For 30 min
20 mL De-ionized water
Discard Supernatant
Soil
Centrifuge
Centrifuge
Extract B 
(Carbonate)
20 mL NaOAc (1M), pH 5.0
Soil
20 mL Hydroxylamine 
Hydrochloride in 25% HOAc
Centrifuge
Extract C (Fe & 
Mn Oxide)
Soil 15 mL H2O 2 (30%) 80 
0C)Extract D 
(Organic matter)
Centrifuge
Soil 7 M HNO3
Centrifuge
Extract E
(Residual)
20 mL 1-M NH4oAC (pH 7) 
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Chapter 4 
RESULTS AND DISCUSSION 
 Deficiency of zinc in foliage was widespread irrespective of these nutrients 
deficiency or adequacy in soils. Calcareousness and alkaline pH of the soil were found 
the main contributing factors for low plant available micronutrients in the surveyed area. 
On the basis of this study apple orchards were classified in to three classes: (i) Low Zn 
apple orchards; the orchards having low zinc content in the soils (< 0.9 µg/g) and foliage 
(< 25 µg/g). (ii) Medium Zn apple orchards; the orchards having medium zinc content 
in the soils (0.9- 1.5 µg/g) but low zinc content in the foliage. (iii) Adequate Zn apple 
orchards ; orchards having adequate zinc content in the soil (> 1.5 µg/g)  but low zinc 
content in the foliage.  
 
4.1 SOILS IN THE SURVEYED ORCHARDS 
 Information related to soil physico-chemical properties is summarized in the 
Table 1. Dominant soil textural class found in the surface soils of surveyed area was clay 
loam as 46 percent of analyzed soil sample were categorized in this class.  Clayey texture 
was prevalent over 35 percent of analyzed soil samples. Sandy clay loam and loam 
texture was observed in the 15 and 4 percent of soil samples, respectively. In sub-surface 
soils 46 percent of total samples were clay loam in texture where as clay, loam, sandy 
clay loam and sandy clay texture was observed in the 21, 5, 27 and 1 percent of analyzed 
soil samples, respectively.  In the lower soil depth, clay loam texture was dominant with 
37 percent of total samples followed by sandy clay loam textural class observed in 36 
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percent of total soil samples. Clay, loam, sandy clay and sandy loam texture was 
observed in the 14, 6, 3 and 4 percent samples respectively.  Sand, silt and clay were 
found having medium heterogeneity as the percent CV was found to be ≤ 25 percent. 
Generally an increasing trend in the sand and silt percentage was observed with the 
increase in depth. Soils of the surveyed area were non calcareous to slightly calcareous 
and moderately calcareous to strongly calcareous. Calcareousness dominated in the 
surface, sub-surface and lower soil depths as the 66, 68 and 68 percent of the total 
analyzed samples were characterized as strongly calcareous in three soil depths 
respectively.  Non calcareous soils were found least in the surveyed area as 17, 17 and 
15 percent of the total analyzed soil samples were classified as non calcareous. 
Moderately calcareous soils constituted 16, 10 and11 percent of the total analyzed 
sample in three different depths (0-15, 15-30 and 30-45 cm) respectively.  Slightly 
calcareous soils increased with the increase in depth as 5, 6 and 7 percent of analyzed 
soil samples fell in this category. Soil calcareousness was found to be highly 
heterogeneous as the CV percent value was more than 35.  
  
 Soil pH was slightly alkaline to strongly alkaline in nature having least 
heterogeneity as the CV value was less than 20 percent. Organic matter content ranged 
from 0.92 to 5.77 percent in the surface soils whereas sub-surface soils it ranged from 
0.7 to 5.4 percent. In the lower soil depth it ranged from 0.5 to 3.8 percent. Orchard's 
soils had higher organic matter content at the surface soils, which was contributed by 
leaf drop on the surface soils. Tree roots die off very little from season to season, so 
organic matter decreased rapidly with the increasing depth.  
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Table 1.  Selected physico-chemical properties of soils 
n = 540 
 
 
 
 
 
 
 
  
 Property Depth 
cm 
Mean Standard 
Deviation 
Min. Max. CV 
  % 
Skewness Kurtosis 
Sand  0-15  36.0 7.9 21.0 56.0 21.7  0.3 -0.9 
15-30  40.0 7.5 25.0 58.0 19.0  0.2 -0.8 
30-45  44.0 7.1 31.0 59.0 16.2  0.3 -1.0 
Silt  0-15  27.0 5.5 14.0 40.0 21.0  0.4 -0.3 
15-30 25.0 5.4 13.5 38.0 22.1  0.5 -0.3 
30-45 23.0 5.2 13.0 36.0 22.6  0.4 -0.4 
Clay  0-15  37.0 8.5 17.0 59.5 22.6  0.4 -0.2 
15-30  35.0 8.2 16.0 55.5 23.2  0.4 -0.3 
30-45 33.0 7.8 15.0 54.5 24.0  0.5 -0.2 
CaCO3 0-15 13.0 7.8   0.2 23.4 57.6 -0.8 -0.9 
15-30 14.0 7.9   0.5 23.5 56.5 -0.9 -0.8 
30-45 14.0 7.9   0.6 24.1 55.6 -0.8 -0.7 
PH 0-15    7.5 0.5   6.3   8.4   6.5 -0.1 -0.8 
15-30    7.5 0.6   6.5   8.4   6.4 -0.1 -0.7 
30-45    7.6 0.5   6.5   8.6   6.7 -0.2 -0.8 
Organic 
Matter 
0-15    2.6 1.2   0.9   5.7 43.4  0.4 -0.6 
15-30    2.2 1.0   0.7   5.4 47.0  0.6 -0.3 
30-45    1.4 0.7   0.5   3.7 45.4  1.0  0.7 
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4.1.2 Nitrate (NO3), Phosphorus (P), Calcium (Ca) And Magnesium (Mg) 
 Content In The Soils 
 The results obtained on AB-DTPA extractable NO3 and P are represented in the 
Table 2. In the surface soils NO3 ranged from 5.32 to 25.36 µ g g-1 with the mean value 
of 14.69 ± 4.39. Subsurface soils contained 3.93 to 24.12 µ g g-1 NO3 with the mean 
value of 13.25 ± 4.45. Nitrates ranged from 4.41 to 22.13 µ g g-1 with the mean value of 
12.30 ± 4.07 in the lower soil depth. When compared with the critical values established 
by Soltanpour (1985), 15 percent of total analyzed soil samples were categorized 
deficient in NO3 content and 74 percent of total analyzed soil samples were categorized 
as marginal in NO3 content.  In the subsurface soils NO3 content were deficient in 34 
percent of total analyzed soil samples whereas 50 percent of total analyzed soil samples 
were categorized as marginal in NO3 content.  Similarly 40 percent of total analyzed 
samples were categorized as deficient and marginal in the lower soil depth. 
  
 The concentration extractable P in soils varied with depth and with orchards. The 
concentration of P was generally high in the surface soil and decreased gradually with 
increasing soil depth. Bioavailable P ranged from 3.27 µ g g-1 to 17.39 µ g g-1 with the 
mean value of 10.31 ± 4.27 (Table 4.4).  
  
 In the subsurface soils it ranged from 2.47 µ g g-1 to 16.12 with the mean value 
of 9.16 ± 3.89. In the lower soil depth bioavailable P ranged from 2.25 µ g g-1 to 14.67 
µ g g-1 with the mean value of 8.21 ± 3.65. When compared with the critical values 
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established by Soltanpour (1985) 17 and 10 percent of total analyzed soil samples were 
categorized as deficient and marginal in the bioavailable P content respectively in the 
surface soils. Bioavailable P was categorized as deficient and marginal in 17 and 20 
percent of total analyzed soil samples.  In the lower soil depth 23 and 17 percent of the 
soil samples were categorized as deficient and marginal in bioavailable P content. Data 
indicated an increasing trend in the deficiency of bioavailable P content with the 
increasing depth. Low concentrations of N and P might be associated with losses through 
leaching or runoff, as the texture of the soils was mostly loam or silt loam. Nachtigall 
and Dechen (2006). Calcium content in surface soils ranged from 2.10 to 20.7 meq L-1 
with the mean value of 8.4 ± 3.74. In the subsurface soils it ranged from 1.5 to 23.6 with 
the mean value of 9.0 ± 4.10 while lower soil depth Ca content ranged from 1.2 to 23.9 
meq L-1 with the mean value of 9.6 ± 4.4. Magnesium content in the surface soils ranged 
from 3.9 to 22.3 meq L-1 with the mean value of 13.5 ± 4.49. Subsurface soils contained 
Mg content ranging from 4.2 to 21.4 meq L-1 with the mean value of 12.9 ± 4.10. Lower 
soil depth contained Mg content ranging from 4.9 to 22.4 meq L-1 with the mean value 
of 14.5 ± 3.98. Sulphur content in the surface soils ranged from 5.60 to 26.99 µg g-1 with 
the mean value of 16.56 ± 6.10. In the subsurface soil sulphur content ranged from 4.68 
to 22.50 µg g-1 with the mean value of 13.11± 4.33. Lower soil depth contained sulphur 
content ranging from 3.90 to 20.50 with the mean value of 9.87 ± 2.37. When compared 
with the critical values all soil samples contained marginal to adequate Ca, Mg and 
sulphate sulfur content. 
 
Table 2. Macronutrient content in the surveyed area 
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4.2 MICRONUTRIENT STATUS 
Nutrients Depth (cm) Mean Standard 
Deviation 
Minimum Maximum 
NO3 (µ g g-1) 
 
0-15 14.69 4.39 5.32 25.36 
15-30 13.25 4.45 3.93 24.12 
30-45 12.30 4.07 4.41 22.13 
P (µ g g-1) 0-15 10.31 4.27 3.27 17.39 
15-30 9.16 3.89 2.47 16.12 
30-45 8.21 3.65 2.25 14.67 
Ca (meq L-1) 0-15 8.40 3.74 2.10 20.70 
15-30 9.00 4.10 1.50 23.60 
30-45 9.60 4.40 1.20 23.90 
Mg (meq L-1) 
 
0-15 13.50 4.49 3.90 22.30 
15-30 12.90 4.10 4.20 21.40 
30-45 14.50 3.98 4.90 22.40 
SO4-S (µ g g-1) 0-15 16.56 6.10 5.60 26.99 
15-30 13.11 4.33 4.68 22.50 
30-45 9.87 2.37 3.90 20.50 
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 In the surface soil layer plant  available zinc content ranged from 0.4 to 5.3 µg/g  
with the mean value  of 1.8 ± 1 and was deficient (< 0.9 µg/g ) in 33 percent of total 
analyzed samples (Table 3). Soil samples categorized as marginal (0.9- 1.5 µg/g) 
constituted about 10 percent of total analyzed soil samples. Sub-surface soil contained 
zinc content ranging from 0.3 to 3.5 µg/g with the mean value of 1.5 ± 0.7. Thirty five 
percent of the total analyzed soil samples were deficient whereas 9 percent of the 
analyzed soil samples were found marginal in plant available zinc content. 
In the lower soil depth (30-45 cm) the zinc content ranged from 0.3 to 2.8 µg/g with the 
mean value of 1.0 ± 0.5.  Deficiency of zinc was more pronounced at lower depths as 50 
and 12 percent soil samples were categorized as deficient and marginal in plant availab le 
zinc content. When compared with critical values, none of the soil sample was found 
deficient in the plant available copper (<0.2 µg/g) and iron (< 3 µg/g) content. Plant 
available copper was marginal in 4, 11 and 17 percent of total analyzed samples at three 
soil depths. Manganese content also exhibited a decreasing trend with the increasing 
depth and 7, 9 and 12 percent of the total analyzed samples were categorized as margina l 
in three depths. Moreover plant available micronutrients exhibited moderate to strong 
heterogeneity as the coefficient of variance was more than 15 percent.  
 
 Soil analysis indicated the deficiency of plant available zinc while copper and  
manganese content were marginal in some places of the surveyed area. Widespread plant 
available zinc deficiency might be due to strong calcareous nature of the soils.  
 
57 
 
 
 
Table 3. Micronutrient content in the soils of surveyed apple orchards  
(n = 540)                  
 
 
 
 
 
 
 
  
 
 Formation of sparingly soluble ZnCO3 and adsorption of zinc on the surface of 
CaCO3 are the main reasons for zinc deficiency in the soils (Udo et al., 1970). Calcium 
Micronutrients Depth  Mean S.D. Min. Max CV   Deficiency 
µg/g  cm     -----------%------------- 
Zinc  0-15    1.8   1.0  0.4   5.3 57.0 33 
15-30    1.5   0.7  0.3   3.5 48.6 35 
30-45    1.0   0.5  0.3   2.8 46.3 50 
Copper 0-15    1.5   0.5  0.3   2.9 33.1 Nil 
15-30    1.0   0.4  0.2   2.1 36.3 Nil 
30-45    0.3   0.2  0.2   1.7 36.0 Nil 
Iron 0-15  56.0 14.1 21.6 98.4 25.0 Nil 
15-30  50.0 14.9 20.3 91.9 29.9 Nil 
30-45  48.0 13.6 19.9 84.5 28.4 Nil 
Manganese 0-15    3.1   1.4   0.4   7.2 45.7 Nil 
15-30    2.5   1.2   0.4   5.9 47.2 Nil 
30-45    1.9   0.8   0.3   3.8 44.4 Nil 
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carbonate surfaces provide sites for adsorption and precipitation of zinc and other metal 
ions (McBride, 1979; Papadopoulos and Rowell, 1989; Zachara et al., 1991). 
 Our results were in line with the previous work indicating the micro-element deficiency 
in the soils of apple producing region Murree (Ahmad et al., 2010; Ahmed et al., 2012). 
 
4.3 MICRONUTRIENT STATUS IN THE FOLIAGE 
 Zinc concentration in the diagnostic apple leaves ranged from 12.9 to 32.5 µg/g 
with the mean value of 21.6 ± 4.3 (Table 4). When compared with the critical values 
established by Neubert et al. (1970) about 80% of the collected samples were 
categorized as deficient. Foliage copper content ranged from 3.3 to 20.4 µg/g with the 
mean value of 12.8 ± 3.3. Fourteen percent of the total collected samples were 
categorized as deficient. Foliage manganese content ranged from 6.3 to 47.2 with the 
mean value of 31.2 ±10.8. Iron content in the diagnostic apple leaves ranged from 40.2 
to 107.3 µg /g with the mean value of 65.4 ± 14.0. Plant analysis indicated an acute zinc 
deficiency regardless of less deficiency in the soils of apple orchards. A significant 
positive relationship (r = 0.66 p > 0.05) was established between the plant available zinc 
and foliage zinc concentration (Figure 4). Foliage iron content was also found in good 
agreement (r = 0.47 p > 0.05) with the plant available iron concentration in the foliage. 
Table 4.  Micronutrient content in the foliage of surveyed apple orchards  
Micronutrients Mean Range CV  
 
      -------------------µg/g---------------------                 % 
Zinc 21.6 ± 4.30 12.9 - 32.6 20 
Copper 12.8 ± 3.27   3.3 - 20.4 26 
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Iron   65.4 ± 14.04    40.2 - 107.3 22 
Manganese  31.2 ±10.78        6.34 - 47.23 35 
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Figure 4. Relationship between the plant available and foliage micronutrients: (a) zinc 
and (b) iron indicating a significant relationship between plant available and foliage zinc 
and iron. 
4.4 PREDICTION OF MICRONUTRIENT IN THE SOIL PROFILE FROM 
 SURFACE ANALYSIS 
 Establishment of significant positive relationship (Figure 5 & 6) between the 
plant available micronutrient content in the surface and the soil profile up to depth of 45 
cm provided a clue that micronutrient analysis in the surface soils can serve as an 
acceptable indicator for plant available micronutrient content in the soil profile up to 45 
cm. Regression analysis between the micronutrient content in the surface soils and in the 
soil profile up to 45 cm indicated R2 approaching to unity. Predicting plant availab le 
micronutrient up to depth of 45 cm by analyzing surface micronutrient content using the 
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equations developed in the study will save the time, labour and chemicals in the future 
studies. 
 
4.5 RELATION OF SOIL PROPERTIES WITH MICRONUTRIENT 
 AVAILABILITY 
 Sand negatively influenced the availability of micronutrients as a negative 
relationship was established between the sand and plant available nutrients (Table 5). 
This relationship was significant for copper (r = -0.177, p > 0.01) and zinc (r = - 0.144 
p > 0.01). A negative but non significant relationship was established between sand and 
plant available iron (r = -0.0742) and manganese (r = - 0.0797). Plant availab le 
micronutrient were positively related with silt (Table 5). This relationship was 
significant for plant available copper (r = 0.198, p > 0.01) and manganese ( r = 0.148 p 
> 0.01) whereas non significant for plant available iron (r = 0.055) and zinc (r = 0.054).   
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Figure 5. Relationship between the plant available micronutrient in the surface with 
cumulative soil profile: (a) zinc and (b) copper - indicating a significant relationship 
between surface and cumulative plant available zinc and copper. 
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Figure  6. Relationship between the plant available micronutrient in the surface with 
cumulative soil profile: (a) iron and (b) manganese indicating a significant relationship 
between surface and cumulative plant available iron and manganese. 
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 Positive significant relationship was observed between the organic matter and 
plant available micronutrients (Table 5). Correlation coefficient values observed were 
zinc (0.450 p > 0.01), copper (0.463 p > 0.01), iron (0.334 p > 0.01) and manganese 
(0.431 p > 0.01). A significant negative relationship was observed between the plant 
available micronutrients and soil pH (Table 4). Correlation coefficient values observed 
were as zinc (r = -0.225 p > 0.010.01), copper (r = - 0.164 p > 0.01), iron (r = -0.316 p 
> 0.01) and manganese (r = -0.170 p > 0.01). Significant negative relationship was 
observed between the plant available micronutrients and CaCO3 content. Correlation 
coefficient values calculated were as zinc (r = -0.123 p > 0.01), copper (r = -0.108 p > 
0.01) and iron (r = -0.327 p > 0.01).  Bioavailability of micronutrients was influenced 
by physico-chemical properties like organic matter, silt and clay.  
 
 Positive relationship between plant available micronutrients and organic matter 
might be due to enhanced ability of soil to retain and supply nutrients to plants because 
of higher cation exchange capacity of organic matter. Moreover mineralization of 
organic matter releases substantial amount of nutrients (Rahman et al., 2013). Factors 
negatively influencing the availability of micronutrients were pH, CaCO3 and sand. 
Availability of micronutrients is mostly diminished in calcareous soils due to sorption 
to clays and carbonates, co-precipitation with carbonates or formation of insolub le 
compounds (Gupta et al., 2000 ; Nazif et al., 2006). 
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                    * P > 0.05     **P > 0.01   NS Non significant                                  n= 540  
  Table 5.  Correlation matrix for physico-chemical properties and plant available micronutrients  
 
 
 
 
 
 
 
Zinc  Copper  Iron  Manganese Sand  Silt  Clay  pH  CaCO3  
Copper  0.17NS 
        
Iron 0.00 0.16 NS 
       
Manganese -0.36* -0.08 NS  0.14 NS 
      
Sand  -0.37* -0.18 NS -0.15 NS -0.06 NS 
     
Silt   0.35* 0.13 NS  0.16 NS -0.28 NS -0.34 NS 
    
Clay  0.42* 0.08 NS  0.04 NS       0.25 ** -0.77 NS -0.33 NS 
   
pH  -0.40** -0.06 NS -0.26*    0.44* 0.28 NS -0.24 NS -0.12 NS 
  
CaCO3  -0.43** -0.18
 NS -0.12 NS     -0.47** 0.40 NS -0.25 NS -0.24 NS 0.71* 
 
Organic matter  0.46**   0.42**  0.33*       0.41** 0.05 NS   0.03 NS 0.06 NS -0.28 NS -0.25 NS 
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4.6 SPATIAL VARIABILITY OF MICRONUTRIENTS IN THE SOILS 
 
 Semivariogram was calculated to examine the spatial structure of the plant 
available micronutrients in the soils at three depths (Figure 7&8). Results of the best fit 
semivariogram models for plant available micronutrients (zinc, copper, iron and 
manganese) are represented in the Table 6. The best fit model for plant available zinc 
was spherical at the surface and lower soil depth whereas exponential model fitted well 
for plant available zinc content in the sub-surface soils. Plant available zinc was 
categorized as medium spatial dependent in the surface and strongly spatial dependent 
at the subsurface and lower soil depth.  The range for three depths was 13.5, 8.64 and 
12.28 km respectively (Table 5). Regression co-efficient (r2) values calculated for plant 
available zinc at three soil depths were   0.58, 0.92 and 0.75 respectively. 
 
 Exponential was a best fit model for plant available copper in the surface and 
sub-surface soils while spatial structure of the plant available copper content at lower 
soil depth was best described by spherical model. Plant available copper content were 
moderately spatial dependent at the surface whereas strongly spatial dependant at the 
subsurface and lower soil depth with the ranges of 10.89, 10.80 and 14.5 km. Spatial 
structure of  plant available iron was best described by  exponential model at the surface 
and spherical model at the subsurface and lower soil depth. Plant available iron content 
showed moderate spatial dependency at three soil depths with the range of 15.57, 19.63 
and 20.93 km respectively.  
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Table 6. Parameters related to Semivariogram models and interpolation of plant 
available micronutrients at various soil depths 
Legend: + Range: a distance beyond which samples behave independently 
   * Nugget/Sill: Spatial ratio, criteria for categorizing spatial dependence 
   $ Root Mean Square Standardized Error 
   # Average Standardized Error 
   ± Root Mean Square Error 
 
  
 
Micronutrient Depth 
 
Model Range+  Nugget/Sill*  R2 
×  
RMSSE$ ASE# RMSE± 
 cm                                  A0             % 
Zinc  0-15 Spherical  13.5  36.44 0.85 0.97 0.39 0.37 
15-30 Exponential  10.64     7.19 0.92 1.03 0.76 0.79 
30-45 Spherical  12.28    24.25 0.74 1.02 0.31 0.33 
Copper  0-15  Exponential  10.89     25.39 0.59 0.98 0.28 0.30 
15-30 Exponential  10.80     18.78 0.63 0.97 0.30 0.33 
30-45 Spherical  14.50       22.5 0.85 0.99 0.24 0.23 
Iron 
 
0-15 Exponential  15.57       44.85 0.55 1.11 11 12.27 
15-30 Spherical  19.63       26.92 0.94 1.06 12.59 13.53 
30-45 Spherical  20.93       30.16 0.92 1.04 16.36 17.13 
Manganese 0-15 Exponential  14.16        37.23 0.69 1.18 1.03 1.23 
15-30 Spherical  11.70        13.21 0.86 1.15 0.81 0.95 
30-45 Spherical  14.96        23.00 0.53 1.12 0.63 0.72 
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Figure 7. Semivariogram models for plant available zinc and copper at three soil  depths  
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Figure 8. Semivariogram models for plant available Fe and Mn at three    
soil depths 
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Figure  9. Spatial distribution of zinc and copper in the soils  
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Figure  10. Spatial distribution of iron and manganese in the soil 
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 Spatial correlation of plant available manganese was described by the 
exponential model in the surface and sub-surface soils and by spherical model in the 
lower soil depths. Spatial dependence in case of manganese was categorized as medium 
at the surface soils whereas strong at subsurface and lower soil depth. Spatial 
dependence of plant available zinc was found to be disturbed by anthropogenic activit ies 
at surface and sub-surface soils. This might be due to intercropping of exhaustive crops 
like potatoes and wheat in the orchards. Spatial dependence in the lower soil depth was 
maintained by inherent soil factors like parent material (Liu et al., 2004; Spiker et al., 
2005).  Moderate spatial dependence of plant available copper, manganese and iron were 
maintained by extrinsic and intrinsic factors at three soil depths (Banerjee et al., 2011; 
Chunfa et al., 2010).   
 
 After the establishment of spatial dependence, ordinary kriging was applied to 
prepare the maps, estimating the nutrient content of the un-sampled sites. Root mean 
square standardized error; average standardized error and root mean square error are 
given in Table 6. Whole area was classified in to five predicted zones for each 
micronutrient, presented in Figure 9 and 10. Maps prepared for the micronutrients using 
ordinary kriging also indicated the spatial dependence. Similar techniques were 
successfully used by the researchers to delineate various areas in to low, medium and 
high nutrient content for site specific nutrient management (Shah et al., 2013; Rafique 
et al., 2006). Maps indicated an acute zinc deficiency in the south eastern surveyed area 
that increased with depth while marginal zinc content were found in the north eastern 
surveyed region. All other micronutrients were found marginal to adequate in the whole 
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area. Plant available zinc, copper and manganese were moderately spatial dependant in 
the surface soils where as strongly spatially dependent in the subsurface and lower soil 
depth. Plant available iron was moderately spatial dependent at three soil depths. The 
results of this study will be helpful to formulate the site specific recommendation for the 
management of soil fertility for sustainable apple production. 
 
4.7. FARMERS' PERCEPTION ON LIMITATION IN YIELD 
 None of the orchards in surveyed area were established according to horticultura l 
techniques and scientific methods. Most orchards in the Murree area are grown without 
technical consultation or advice of specialists. Seventy five percent of the orchard 
grower did not consult any scientific personnel or specialist at the time of orchard 
establishment. Eighty five percent of the orchards were grown without keeping in view 
the row to row and plant to plant distance as recommended by the research stations in 
the area. No consideration is given to orchard soil fertility and other preventive measures 
like wind breaks and 70 percent of the orchard growers had no knowledge about the 
wind breaks. 
  
 Lack of knowledge about apple production and techniques for avoiding natural 
vagaries was observed in the surveyed area. None of the framers was using nets to 
protect their orchards from hailstorm.  Sixty five percent of the farmers were found to 
be totally unaware of proper horticultural practices related with apple production.  Even 
75 percent farmers did not know that which variety they have grown in their orchard. 
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Sixty five percent of the farmers adopt orchard growing as an avocation. So they do not 
pay proper attention to orchard establishment. 
  
 Ten percent of the orchard owners of surveyed area were found using nitrogen 
and phosphorous fertilizer while none of the farmer used micronutrients and potassium 
fertilizer. Deficiencies of nutrients like zinc and manganese were found one of the main 
contributing factors for reducing the yield of surveyed area. Use of organic manure  was 
common but many farmers used fresh dung instead of well rotten manure. 
 
 Lack of management practices like pruning, training, thinning, and netting 
during rainy season in the farmer orchards are the reasons for low production. Eighty 
five percent of the interviewed orchard growers did not prune their orchards. None of 
the interviewed orchard owner performs thinning for getting good quality fruits. 
Similarly none of the orchard owner uses nets during the rainy season. Seventy five 
percent of the interviewed orchard owners were not performing hoeing and cleaning of 
fallen leaves. Existence of leaves in the orchard is a source of many pests. Eighty percent 
of the interviewed farmers complained about the alternate bearing. Reasons for alternate 
bearing in the orchards include lack of management practices and poor nutrient 
management. Certain apple cultivated sites and villages like Derya Galli had rugged 
access roads which is another barrier for good apple yield. Inefficient apple growing and 
marketing was observed due to poor access roads. Orchard growers in the surveyed area 
are usually poor and do not have suitable financial resources to enhance the quality of 
apple orchards management. Lack of financial and human resources is the major 
75 
 
 
 
obstacle to apple production in the Murree region. Eighty five percent of the interviewed 
orchard growers complained that they don't have enough money to purchase the 
fertilizers, pesticide and insecticides. The existence of pests and diseases like powdery 
mildew were affecting the apple yield. But unfortunately farmers in the surveyed area 
have not paid any attention to preventive measures and do not use any insecticide or 
pesticide. Farmers follow improper picking methods. Farmers pick or pull off the fruits 
strongly, in such a way that sometimes separates the whole fruit bearing branch from the 
tree. So the bud places are injured or eliminated causing low yields in the next fruit ing 
season. Farmers do not wear gloves for picking and pressing apples by hand for quality 
assurance affects the apple’s skin and shortens shelf life. Farmers were found to be 
habitual of shaking trees and beating fruit bearing branches with wooden sticks so that 
fruit may fall on ground. This contributes to deterioration in the apple quality. Once the 
fruit colloid with an object or pressed or squeezed, it is bruised and later on infected with 
various pests, which makes it rapidly perishable. 
   
 All of these practices affect the fruit shape and consequently decreases fruit 
quality and its demand in the local markets. Farmers keep apple fruits in the form of 
piles on the soils of orchards without storing the apples under appropriate conditions 
which motivate the growth of fungi due to humidity and infection with pests that can 
easily spread from an infected fruit to other sound fruits in same piles or places.  The 
entire interviewed orchards owners were found using faulty methods for harvesting their 
produce. Eighty five percent of the interviewed orchard growers were growing 
exhaustive crops in their orchards. Intercropping of exhaustive crops like potatoes, 
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maize and wheat in the apple orchards is also common that leads to the nutrient depletion 
from the soils and may also be the one of reason for low yield of apple orchards in the 
Murree regions. A communication gap between the orchard owners and research 
institutions was felt as information obtained from projects was not disseminated to 
farmers.  Ninety five percent of the interviewed orchard growers were quite ignorant 
about management practices adopted in the Hill Fruit Research Station Sunny bank and 
Punjab Fruit Research Station Lower Topa. For example in the orchards of research 
institutes there was no insect-pest attack due to use of insecticides in contrast to other 
selected orchards.  
 
 There was a widespread zinc deficiency in soils and foliage of the apple orchards 
of Tehsil Murree. Deficiency of zinc in foliage was widespread irrespective of their 
deficiency or adequacy in soils. Calcareousness and alkaline pH of the soil were found 
main contributing factors for low plant available micronutrients in the surveyed area.  
Insect pests and disease occurrence also caused serious losses. Farmers had no 
knowledge about the varieties and were relying on the trees planted by their forefathers.  
Farmers were quite ignorant of all management practices and had no knowledge about 
apple growing. Unawareness to scientific information due to communication gap 
between farmers and research institutions is main reason for low yield in the area. Lack 
of mechanical tools for progressive orchard farming and improper water resource 
management had significant effect on fruit yield. On the basis of zinc deficiency in the 
soils and foliage, orchards were classified in to three categories, Orchards having low 
zinc content in the soils and foliage (Low Zn apple orchards). Orchards having medium 
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zinc content in the soils but low zinc content in the foliage (Medium Zn apple orchards). 
Apple orchards having adequate zinc content in the soil but low zinc content in the 
foliage (Adequate Zn apple orchards). 
  
 Deficiency of zinc and manganese in the foliage irrespective of their deficiency 
or adequacy in the soil, revealed the need for the establishment of soil critical values of 
these micronutrients. Orchards should be fertilized with micronutrients in order to 
improve the yield and quality of fruit. Knowledge about the management practices like 
pruning, training and use of insecticides should be disseminated to farmers.   
 
 Communication gap between the farmers and the research institutions should be 
bridged to create awareness among the farming community. There is need to manage 
access of farmers to certified rootstalk, fertilizer and pesticides in the local markets. 
Access roads should be improved in order to facilitate efficient marketing system. Field 
trials should be conducted in the farmer’s orchards in order to improve the awareness.  
 
4.8  ZINC NUTRITION RELATION WITH FRUIT QUALITY  
4.8.1 Number of Fruits and Yield 
 Number of fruits significantly (p > 0.05, Appendix 2) increased with the zinc 
application (Table 7). Number of fruits per plant was the maximum with 20 g zinc 
application in the medium and adequate zinc status orchards while maximum numbers 
of fruits were recorded with the application of 30 g zinc in the low zinc status orchards 
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(Figure 2). The zinc status of orchard had significant effect on number of fruits per plant 
(p > 0.05). Maximum numbers of fruit per plant was observed in the apple orchards 
having adequate initial zinc status that was followed by medium and low initial zinc 
status orchards. The interaction between the initial zinc status and applied zinc level was 
significant (p > 0.05) which indicated a differential response to initial zinc status (Figure 
11).  The zinc application also significantly (p > 0.05, Appendix 2) increased yield 
(Table 7).  Maximum yield was observed with the dose of 30 g in the low initial zinc 
status while the with the 20 g zinc in the apple orchards with initial medium and adequate 
zinc status. The zinc status of orchard had significant effect on yield (p> 0.05). The 
orchards having adequate initial zinc status had highest yield followed by the medium 
and low initial zinc status orchards. The interaction between the initial zinc status and 
applied zinc level was significant (p > 0.05).  Significant interaction suggested that 
response to zinc application varied with the initial zinc level (Figure 11). Zinc 
fertilization may have promoted pollination because zinc is required for better 
pollination which led to an increase in fruit set and hence an increase in number of fruits 
(Sharma et al., 1990). Similar results were reported by Zhang et al. (2013) who observed 
an increase in the fruit set and number of fruits per tree after zinc application. 
 
4.8.2 Fruit Size  
 The zinc application significantly (p > 0.05) increased the fruit size (Table 7, 
Appendix 2). Fruit size was the maximum with 40 g zinc application suggesting a need 
for testing a higher dose of zinc in the region. The zinc status of orchards had significant 
effect on fruit size (p > 0.05). The orchards having adequate initial zinc status had 
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maximum fruits followed by the medium and low initial zinc status orchards. The 
interaction between the initial zinc status and applied zinc level was significant (p > 
0.05) suggesting that response to zinc application varied with the initial zinc level 
(Figure 12). Zinc application may have promoted cell division and development of 
young fruits because zinc is required for cell division which ultimately increase the fruit 
size (MacDonald, 2000).  
 
4.8.3 Total Soluble Solids and Sugars in the Apple Fruits 
  
 The zinc application significantly (p > 0.05) increased the total soluble solids 
and sugars' content (Table 7& 8).  Total soluble solid, total sugars, reducing and non 
reducing sugars were the maximum with 40 g zinc application suggesting a need for 
testing a higher dose of zinc in the region. The zinc status of orchard had significant 
effect on total soluble solids, and total, reducing and non-reducing sugars content in the 
fruit (p > 0.05). The orchards having adequate initial zinc status had high total soluble 
solids, and total, reducing and non-reducing sugars content followed by the medium and 
low initial zinc status orchards. The interaction between the initial zinc status and applied 
zinc level was significant (p > 0.05) for total reducing and non reducing sugars 
suggesting that response to zinc application varied with the initial zinc level (Figure 13 
& 14). Increased zinc content in the fruit (Table 8) by zinc application in the orchards 
might have led to an increase in the in the sugar content in the fruits, as zinc plays an 
important role in the sugar synthesis by activating various enzymes like sorbitol 
dehydrogenase, sorbitol oxidase, and the activity of indole acetic acid in the fully 
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matured fruits which lead to a significant increase in the total soluble solid content, total 
sugars and reducing sugar in the fruit.  
  
 Zinc fertilization enhances the photosynthetic ability because it plays an 
important role as a structural and regulatory co-factor for a wide range of enzymes such 
as carobic anhydrase (Vallee and Auld, 1990). Activity of aldolase enzyme is also 
positively influenced by zinc fertilizaion (Gijsean et al., 1996) in the synthesis of 
assimilates such as total sugars, reducing and non reducing sugars (Wang and Jin, 2005). 
Similarly the process of photosynthesis also requires zinc to occur properly. Carbonic 
anhydrase is omnipresent zinc containing metalloenzyme catalyses the interconvers ion 
of CO2 and HCO3 during photosynthesis in plants (Colman, 1991; Badger and Price, 
1994). 
 
 Carbonic anhydrase activity is reduced in many plant species due to zinc 
deficiency (Ohki, 1976; Gibson and Leece, 1981; Rengel, 1995). Substantial reduction 
in net photosynthesis due to reduced carbonic anhydrase activity has been observed 
(Pandy and Sharma, 1989; Hudson et al., 1992).  Carbon dioxide supply at the 
carboxylation site in the chloroplast during the process of photosynthesis is 
accomplished by carbonic anhydrase. Carbonic acid also serves as a source of zinc under 
zinc deficiency (Sasaki et al., 1998; Rengel, 1995). Similar results have been reported 
by Zhang et al. (2013) who observed significant increase in the total soluble solids, total 
sugars and reducing sugars in the apple fruit due to zinc application.  
4.8.4 Fruit Firmness and Relative Electric Conductivity  
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 The zinc application significantly (p > 0.05) increased the firmness (Table 8, 
Appendix 3). Fruit firmness was the maximum with 40 g zinc application suggesting a 
need for testing a higher dose of zinc in the region. The zinc status of orchard had 
significant effect on fruit firmness (p > 0.05). The orchards having adequate initial zinc 
status had high firmness followed by the medium and low initial zinc status orchards. 
The interaction between the initial zinc status and applied zinc level was significant (p 
> 0.05) for relative electrical conductivity suggesting that response to zinc application 
varied with the initial zinc level (Figure 15). 
  
 Relative electrical conductivity was also significantly influenced by the zinc 
application. Minimum relative electrical conductivity was recorded in the fruits 
harvested from the plants fertilized with 40 g zinc which was followed by lower rates of 
zinc, indicating a gradual decrease due to zinc application. In case of fruit firmness a 
gradual increase was observed due to zinc application. Maximum firmness was observed 
in the adequate zinc orchards. Inverse relationship (r = - 0.87, p > 0.01) between relative 
electrical conductively and fruit firmness was observed which indicated an increase in 
fruit firmness decreased the relative electrical conductivity. The minimum relative 
electrical conductivity was recorded in adequate zinc orchards that were followed by 
medium and low zinc orchards. Zinc fortification in the fruits exerts an inhibitory action 
on membrane damage catalyzed by free oxygen radicals. So the mitigation of zinc 
deficiency in the apple orchards might have led to increase in firmness and thus decrease 
in electrolyte leaking in the apple fruits. 
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       Table 7. Yield and sugar content as affected by zinc application to     
     different initial zinc status orchards  
                           
 Mean values followed by similar letter(s) do not differ significantly from one 
 another   
 
 
Fruit size  Fruits     Yield 
 
Total 
sugars  
Reducing 
sugar 
  
 
   mm               n           kg/plant    ---------- % --------- 
Zinc treatments  
 
    
0 g Zn  51.76d  123c  21.54c  10.53d  6.17d  
20 g Zn 61.50c  153b  28.18b  12.30c  7.20 c  
30 g Zn 74.73b  160a  29.68a  13.33b  8.0b  
40 g Zn 82.66a  163a  30.30a  15.46a  9.14a  
Zinc status  
 
    
Low Zn 56.07 c  124c  22.56c  12.32 c  7.25c  
Medium Zn  68.42b  148b  27.13b  12.85b  7.60b  
Adequate Zn  78.50a  177a  32.59a  13.55a  8.05a  
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Figure  11. Fruit yield parameters as influenced by zinc application in the low, medium 
and adequate zinc orchards (a) number of fruits (b) yield indicating response to zinc 
application up to 20 g irrespective of zinc level and up to 30g in low Zn orchards (Error 
bars show one standard error). 
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Figure  12. Fruit size: indicating an increase in size at applied zinc levels 
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 Zinc plays a vital role in structure and functions of membranes (Alloway, 2004). 
Greater leakage of P-32 and Cl-36 in zinc deficient plants was observed which suggests 
a role of Zn in membrane integrity (Welch et al., 1982).  Plasma membranes integrity is 
disturbed by reducing phospholipids and sulfhydral groups. Increased plasma membrane 
stability also results in production of super oxide radicals due to Zinc deficiency 
(Cakmak and Marschner, 1988; Welch and Norvell, 1993; Pinton et al., 1994). Reduced 
synthesis of sulfhydryl groups in the cell membrane of barley plants under zinc deficient 
conditions was observed by Welch and Norvell (1993). Zinc fertilization was also 
resulted in a decrease in leakage in the plasma membrane (Rengel, 1995).  
 
4.8.5 Titratable Acidity 
 The zinc application significantly (p > 0.05) decreased the titratable acidity 
(Table 8, Appendix 3).  Minimum titratable acidity was observed with the 40 g zinc 
application. The zinc status of orchard had significant effect on titratable acidity (p > 
0.05). The orchards having adequate initial zinc status had titratable acidity followed by 
the medium and low initial zinc status orchards. The interaction between the initial zinc 
status and applied zinc level was not significant (Figure 16). A decreasing trend in the 
titratable acidity might be due to the increase in the sugar and total soluble solid content. 
Zinc fertilization improved the taste of apple fruits. Similar, results were reported by 
Zhang et al. (2013) who observed the decrease in the titratable acidity with the zinc 
fertilization in the apple orchards. 
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Table 8.  Fruit quality parameters as influenced by zinc application to three  
different initial zinc status orchards 
Mean values followed by similar letter(s) do not differ significantly from one another   
 
 
 
 
 
 
 
 
 
  
 
 
Fruit 
Firmness 
    
Relative 
Electrical 
conductivity 
 
Titratable 
Acidity  
Total 
Soluble 
Solids  
 
Zinc in 
Fruit 
 
Ascorbic 
acid   
 
   N ------------------- (%) ----------------- µg/g mg/100g 
Zinc treatments 
   
 
  
0 g Zn 45.64c  13a  0.76a  13.00c  1.20c  15.38  
20 g Zn 57.43b  11b  0.73a  14.53b  1.43b  13.13  
30 g Zn 62.02a    8c  0.68b  16.44a  1.74a  14.47  
40 g Zn 64.22a    3d  0.62c  17.01a  1.74a  13.81  
 
Zn Status 
Low Zn  55.37b  9.81a  0.90a  14.27b  1.50  12.70  
Medium Zn  57.51ab  9.28b  0.65b  15.07b  1.51  14.63  
Adequate Zn  59.11a  8.12c  0.54c  16.38a  1.56  15.27  
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Figure 13. Fruit quality parameters as influenced by zinc application in low, med ium 
and adequate zinc orchards (a) total soluble solid indicating an increase in the low, 
medium and adequate zinc orchards with the zinc application and (b) total sugars: 
indicating an increasing trend with the increased zinc level. 
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Figure 14. Fruit quality parameters as influenced by zinc application (a) reducing sugars 
indicating an increase with the increased zinc application in the low, medium and 
adequate zinc orchards (b) non reducing sugar also indicating an increasing trend with 
the increased zinc application. 
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 Titratable acidity is a term to describe the malic acid content, and measures the 
total acidity. In mature apple fruit, malic acid is the predominant organic acid although 
other organic acids such as citric acid, fumaric acid and quinic acid are detectable 
(Zhang and Cheng, 2010). The amount of malic acid almost completely determines the 
acidity levels in apple fruit. Increased zinc content in the fruits might have lead to 
conversion of malic acid in to sugars and thus decrease in titratable acidity of fruit 
(Visser & Verhaegh, 1978). 
 
4.8.6  Zinc Concentration in Fruit 
 The zinc application significantly (p > 0.05) increased zinc concentration in the 
fruits (Table 8, Appendix 3).  Maximum zinc concentration was observed with the 40 g 
zinc application. The zinc status of orchard had significant effect on zinc concentration 
in the fruits (p > 0.05). The orchards having adequate initial zinc status had high zinc 
concentration in the fruits followed by the medium and low initial zinc status orchards. 
The interaction between the initial zinc status and applied zinc level was not significant 
suggesting that response to zinc application did not varied with the initial zinc level 
(Figure 16). An increasing trend in the zinc concentration in fruit due to application of 
various zinc rates was apparent and it resulted in the zinc fortification in the fruits. 
 
4.8.7 Ascorbic Acid 
 Ascorbic acid content in the fruit juice was not significantly influenced by the 
zinc application and initial zinc status (Table 8).  Interaction between the initial zinc 
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status and zinc application rate was also non significant which indicated that zinc 
application have no influence on the ascorbic acid content in the fruits (Figure 17). 
 
4.9 SOIL ZINC FRACTIONS AND PLANT AVAILABLE ZINC RELATION 
4.9.1 Soil Zinc Fraction Distribution 
 The zinc application significantly (p > 0.05) increased the carbonate zinc in the 
soils (Table 9).  Carbonate zinc was the maximum with 40 g zinc application. Suggesting 
that applied zinc rates increased the carbonate zinc content in the soils. Highest 
concentration of carbonate zinc was observed in the soils of adequate zinc orchards 
which were followed by medium and low initial zinc status orchards. Among depths, in 
contrary to plant available zinc highest carbonate zinc content was observed at lower 
depth whereas it was followed by subsurface and surface soils in a descending order. 
The interaction between the initial zinc status, depth applied zinc levels was significant 
(p > 0.05) suggesting that response to zinc application varied with the initial zinc level 
and soil depth (Figure 18).  Our results were supported by Imtiaz et al. (2006) and 
Yasrebi et al. (1994) who observed maximum zinc adsorption in the calcareous soils due 
to CaCO3 content. Carbonate bound zinc content are higher in the soils which are 
calcareous in nature. It is a well established fact that zinc in the calcareous soils gets 
bound to CaCO3 and it is one of the main factors negatively affecting the availability of 
zinc in the soils. Calcareousness of soils is one of the main reasons for the deficiency of 
zinc in the soils of Pakistan (Rashid and Rayan, 2004). Formation of sparingly soluble 
ZnCO3 and adsorption of zinc on the surface of CaCO3 are the main reasons for zinc 
deficiency in the soils (Udo et al., 1970). 
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Figure 15. Fruit quality parameters as influenced by zinc application (a) fruit firmness : 
indicating an increasing trend with the increased zinc application in the low, medium 
and adequate zinc orchards and (b) relative electrical conductivity: indicating a decrease 
with the increased zinc application. 
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Figure 16. Fruit quality parameters as influenced by zinc application: (a) titratable 
acidity indicating a decrease with the increased zinc application in the low, medium and 
adequate zinc orchards and (b) zinc content in the fruit: indicating an increasing trend 
with the increased zinc application. 
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Figure 17. Ascorbic acid content in the fruits as affected by the zinc application 
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Table 9. Soil zinc fractions and plant available zinc as affected by zinc  
Mean values followed by similar letter(s) do not differ significantly from one another 
 
 
 
 
 
Carbonate 
Zn 
Fe and 
Mn Zn 
Organic 
matter Zn 
Residual 
Zn 
Plant 
available Zn 
                            --------------------------------  µg/g-------------------------------------- 
0 g Zn 7.06d  18.06  4.84  9.07  1.78d  
20 g Zn 7.32c  18.28  4.82  9.31  2.51c  
30 g Zn 7.82b  18.46  4.83  9.37  2.93b  
40 g Zn 8.27a  18.57  4.96  9.57  3.30a  
Depth (cm)                                                
0-15  6.01c  19.13  5.82  8.69b  2.70 a  
15-30  7.67b  20.38  4.71  8.75b  2.59 b  
30-45  9.17a  20.52  3.89  10.61a  2.51 b  
Zn Status  
Low Zn  6.77c  18.05  4.69  9.14  1.67c  
Medium Zn 7.60b  18.37  4.88  9.42  2.44b  
Adequate Zn  8.49a  18.61  5.00  9.44  3.78a  
95 
 
 
 
 
 
     
Figure 18.  Relationship between residual and organic zinc content: indicating a 
positive relationship between the organic and residual zinc fractions 
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Figure 19.  Variation in zinc fractions with depth and application of different zinc 
levels 
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Figure 20.  Depth wise variation in zinc fractions in low medium and adequate zinc 
orchards 
 
 
0
10
20
30
40
50
6 7 8 9 10
D
ep
th
 (c
m
)
Carbonate Zn (µg/g)
Low Zn 
Medium Zn
Adequate Zn
17 19 21 23 25
Fe and Mn Zn (µg/g)
0
10
20
30
40
50
3 4.5 6 7.5
Organic Zn (µg/g)
5 8 11 14 17
Residual Zn (µg/g)
98 
 
 
 
 
Figure 21.  Variation in plant available zinc fraction (a) variation with depth and 
application of different zinc levels indicating an increase with the increased zinc level 
and (b) variation at soil depth in low, medium and adequate zinc orchards. 
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 Iron and manganese, organic matter and residual zinc were not significantly 
influenced by the application of zinc and initial zinc status.  Iron and manganese and 
organic bound zinc were not varied significantly with the depth while residual zinc 
varied significantly (Figure 19).   Similar results were reported by (Behera et al., 2008) 
who observed a decreasing trend with the increasing depth in case of organic matter 
bound zinc due to less organic matter content in the subsurface and lower soil depth 
provide less surface area for zinc to adsorption.  
 
4.9.2 Plant Available Zinc Fraction 
 The zinc application significantly (p > 0.05) increased the plant available zinc in 
the soils (Table 9) which was the maximum with 40 g zinc application. Suggesting that 
applied zinc rates increased the zinc content in the soils. Maximum concentration of 
plant available zinc was observed in the adequate zinc orchards which were followed by 
medium and low Zn orchards. Plant available zinc content in the soils was also 
significantly influenced by the depths.  Decreasing trend in the plant available zinc 
content with the increasing depth was observed. Maximum plant available zinc content 
was observed in the surface soils and was followed by subsurface and lower soil depth. 
The interaction between the initial zinc status, depth applied zinc levels was significant 
(p > 0.05) suggesting that response to zinc application varied with the initial zinc level 
and soil depth (Figure 19). Our results indicated that application of zinc resulted in the 
accumulation in the surface and migration of zinc the sub surface and lower soil depth. 
Our results were supported by Kumar and Qureshi (2012) who observed the 
accumulation of applied zinc in the soils. 
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 A significant positive relationship between the organic and residual zinc was 
established (Figure 18). Relationships suggested existence of dynamic equilibr ium 
between the fractions i.e., when the plant available zinc is depleted, it is replenished by 
other fractions. 
 
4.10 RELATIONSHIP BETWEEN PLANT AVAILABLE ZINC AND 
 VARIOUS FRACTIONS 
 A positive relationship was established between plant available zinc and organic 
matter bound zinc and residual zinc fraction (Figure 22) while negatively with carbonate 
bound zinc (Figure 22).  Positive relationship between plant available zinc and organic 
matter bound zinc might be due to enhanced ability of soil to retain and supply nutrients 
to plants because of higher cation exchange capacity of organic matter. Moreover 
mineralization of organic matter releases substantial amount of nutrients (Rahman et al., 
2013). Negative relationship between the plant available zinc and carbonate bound zinc 
might be attributed to decreased zinc activity in solution phase (labile pool), either by 
precipitation of zinc as Ca-ZnCO3 on carbonate surfaces (Bar-Tal et al., 1988; Catlett et 
al., 2002). 
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Figure 22.  Relationship between the plant available and zinc fractions: (a) organic zinc 
and (b) residual zinc indicating a significant positive relationship between plant 
available zinc fractions 
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Figure 23. Relationship between the plant available and carbonate zinc: indicating a 
negative relationship between the plant available and carbonate zinc fraction in the 
soils 
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CRITICAL REVIEW 
 There are many management issues related to  production of fruits in Pakistan 
but the most important is the poor nutrient status of fruit orchards specially 
micronutrients. According to a preliminary survey in the apple orchards of Murree 
region, bioavailable Zn was deficient in 38 percent orchards where as foliage Zn was 
deficient in all apple orchards. Bioavailable Fe was adequate in the soils of apple 
orchards whereas 46 percent of surveyed apple orchards indicated foliage Fe deficiency 
(Ahmad et al., 2010; Ahmed et al., 2012). So a need was felt to conduct an extensive 
survey to examine the micronutrient content in the soils and foliage of apple orchards. 
Deficient nutrients content in the soils were elucidated.  
 An acute Zn deficiency in soils and foliage of the apple orchards of Tehsil 
Murree was observed. Deficiency of Zn, Cu, Fe, and Mn in foliage was widespre ad 
irrespective of these nutrients deficiency or adequacy in soils. Calcareousness and 
alkaline pH of the soil are the main contributing factors for low plant availab le 
micronutrients in the surveyed area. 
  
  Classic statistics takes in to account the variability in the trial site and it is 
overcome by blocking and increasing the number of replications (Jin et al., 2013). To 
examine the spatial arrangement, distance and proximity special techniques have been 
developed (Burgess, 1980). Commonly used analytical techniques of soil and plant 
analysis when augmented with GIS and geostatistics become more useful for efficient 
nutrient management. Lack of use of these techniques in the past lead to uniform 
recommendations on the province basis and thus over or under fertilization and thus 
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losses in yield (Shah et al., 2013). Geo-statistics and GIS were used to classify the whole 
area in to different categories on the basis of micronutrient content.    
 
 Bioavailable Zn, Cu and Mn were moderately spatial dependant in the surface 
soils where as strongly spatially dependent in the subsurface and lower soil depth. 
Bioavailable Fe was moderately spatial dependent at three soil depths. The results of this 
study will be helpful to formulate the site specific recommendation for the management 
of soil fertility for sustainable apple production.  
  
 Spatially variable rate technology is the management of spatially variable soils. 
Fertilizers and other inputs are applied to match the spatial pattern in the soil properties 
or crop productivity. Variable rate technology and associated application system means 
assuming that application are made only in amounts and locations where they are needed 
i.e. targeted application of inputs. Economically variable rate system allows fertilize r 
money to be spent on the areas where response is expected and to be saved where 
response is unlikely (Bhatti, 2003). Among micronutrients, Zn deficiency is playing 
havoc with the crop production throughout the world. It is estimated that about 50 % of 
the world ̉s agricultural soils are Zn deficient (Khan et al., 2006; Ahmed et al., 2010; 
Sillanpää and Vlek, 1985). It was estimated that 50-70 % agricultural soils in India and 
Pakistan are Zn deficient (Alloway, 2008). Field trials were conducted by selecting 6 
apple orchards, two from each low, medium and adequate in soil zinc but low in foliage 
zinc content. Treatment plan included T1= Zn   0 g/ tree, T2 = Zn 20 g/ tree, T3 = Zn 
30 g/ tree and T4 = Zn 40 g/ tree with the basal dose of NPK per tree. Increase in the 
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apple yield and yield components. Thirty gram zinc produced maximum yield in the low 
zinc soils while twenty gram zinc resulted in optimum yield in medium and adequate 
zinc soils. Zinc fertilization increased size, number, yield and firmness of fruit. Zinc 
application decreased titratable acidity and relative electrical conductivity. Significant 
interaction between the treatments and location manifested differential response due to 
native zinc content in the soils. Thirty gram zinc produced maximum yield in the low 
zinc soils while twenty gram zinc resulted in optimum yield in medium and adequate 
zinc soils. In short this research has a direct application potential. Farmers can reap the 
benefit by applying recommended spatially variable fertilizer doses recommended in 
this study. They can also have look on nutrient content in the soils through the maps 
presented in this study. Foliar application rates in this study were not examined for the 
area. Future research should be planned to examine the influence of foliar application of 
zinc on yield and quality of apple production. 
 
 
 
  
 
 
 
 
 
 
 
SUMMARY 
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 A field survey was conducted to examine the spatial dependence of 
micronutrients and to prepare the spatial distribution maps for the micronutrients in the 
soils.  Field trials were conducted for site specific zinc nutrition assessment. The specific 
objectives of study were: (i) Micronutrients indexation (zinc, copper, iron and 
manganese) of soil and foliage of apple orchards. (ii) Mapping and geo-statistica l 
analysis of micronutrients in apple cultivated area (iii) Impact of zinc nutrition on apple 
yield and fruit quality parameters. One hundred and eighty soil and associated foliage 
samples were collected from 30 selected apple orchards using grid of 6×6 m. General 
deficiency of plant available zinc prevailed in the orchard soils followed by slight 
manganese deficiency. Widespread deficiency of zinc existed in the foliage of apple 
orchards followed by site-specific deficiency of manganese, iron and copper 
respectively. Plant available zinc, copper and manganese were moderately spatial 
dependant in the surface and strongly spatial dependent in the subsurface and lower soil 
depth whereas moderate spatial dependence of plant available iron at three depths was 
observed. Moderate to strong spatial dependence allowed us to prepare the digital maps 
for spatial distribution of micronutrients in the area. Moderate to strong spatial 
dependence of plant available micronutrient indicated a need for the development of 
variable fertilizer (micronutrient) rate technology by conducting field trials in various 
zones delineated in this study. Field trials were conducted by selecting 6 apple orchards, 
two from each low, medium and adequate in soil zinc but low in foliage zinc content. 
Treatment plan included T1= Zn   0 g/ tree, T2 = Zn 20 g/ tree, T3 = Zn 30 g/ tree and 
T4 = Zn 40 g/ tree with the basal dose of NPK per tree. Zinc fertilizer application resulted 
in increase in the apple yield and yield components. Thirty gram zinc produced 
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maximum yield in the low zinc soils while twenty gram zinc resulted in optimum yield 
in medium and adequate zinc soils. Zinc fertilization increased size, number, yield and 
firmness of fruit. Zinc application decreased titratable acidity and relative electrica l 
conductivity. Significant interaction between the treatments and location manifes ted 
differential response due to native zinc content in the soils. Plant available zinc increased 
significantly in the soils due to zinc application. Similarly carbonate bound Zn in the 
soils increased significantly due to zinc application. Other fractions like organic, residual 
and iron and manganese bound zinc were not significantly influenced by the zinc 
application. Impact of foliar application was not assessed which is the main shortcoming 
of this study. Future research should be planned to examine the influence of the foliar 
application of Zn in the apple orchards. Farmers of the area should be trained and 
equipped with the necessary mechanical support in order to achieve the goal of higher 
yield. 
 
 
 
 
 
 
 
CONCLUSION 
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 There was an acute zinc deficiency in soils and foliage of the apple orchards of 
Tehsil Murree. Deficiency of zinc, copper, iron, and manganese in foliage was 
widespread irrespective of these nutrients deficiency or adequacy in soils. 
Calcareousness and alkaline pH of the soil are the main contributing factors for low plant 
available micronutrients in the surveyed area. Insect pests and disease occurrence also 
cause serious losses. Farmers had no knowledge about the varieties and were relying on 
the trees planted by their forefathers. Farmers were quite ignorant of all management 
practices and had no knowledge about apple growing. Unawareness to scientific 
information due to communication gap between farmers and research institutions is main 
reason for low yield in the area. Lack of mechanical tools for progressive orchard 
farming and improper water resource management has significant effect on yields. On 
the basis of zinc deficiency in the soils and foliage, apple orchards can be classified in 
to three categories, (i). Apple orchards having low zinc content in the soils and foliage 
(low zinc apple orchards), (ii) Apple orchards having medium zinc content in the soils 
but low zinc content in the foliage (medium Zn apple orchards),  (iii) Apple orchards 
having adequate zinc content in the soil but low zinc content in the foliage (adequate Zn 
apple orchards). 
  
 Plant available zinc, copper and manganese were moderately spatial dependant 
in the surface soils where as strongly spatially dependent in the subsurface and lower 
soil depth. Plant available iron was moderately spatial dependent at three soil depths. 
The results of this study will be helpful to formulate the site specific recommendation 
for the management of soil fertility for sustainable apple production. 
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Zinc fertilization trials indicated a significant increase in the yield, total sugars, reducing 
sugars, non reducing sugars, total soluble solids and number of fruits. Similarly applied 
zinc significantly influenced the plant available fraction of zinc in the soils. 
 
FUTURE CONSIDERATION 
 Impact of foliar application in the apple orchards should be tested and foliar 
doses of zinc in should be recommended in the area. Farmers of the area should be 
trained and equipped with the necessary mechanical support in order to achieve the goal 
of higher yield. 
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APPENDICES 
Appendix -1: Proforma to interview orchard growers 
 
Name: ----------------------------    Date: -------------------- 
Address: --------------------------       
  
Q NO 1: Did you consult any specialist at the time of establishment of orchard 
 A: Yes   B: No   
QNO 2: Do you know the variety grown in your orchard 
 A:  No   B: Yes 
Q NO 3: Do you apply fertilizer (N,P,K) to your orchards 
 A: Always   B: Some time  C: Once a year  D: Never 
QNO 4: Do you apply fertilizer (micronutrients) your orchards 
     A: Always   B: Some time  C: Once a year  D: Never 
Q NO 5: Do you apply organic manure to your orchards 
     A: Always   B: Some time  C: Once a year  D: Never 
Q NO 6: Do you prune your orchards 
 A: Yes   B: No   
QNO 7: Do you have enough money to purchase fertilizer for your orchard 
 A: Always   B: Some time  C: Once a year  D: Never 
QNO 8: Do you have enough money to purchase insecticides and pesticides for your 
 orchard 
 A: Always   B: Some time  C: Once a year  D: Never 
Q NO 9: Do you use nets to avoid hailing in the orchards 
 A: Always   B: Some time  C: Once a year  D: Never 
QNO 10: Do you practice  intercropping 
 A: Always   B: Some time  C: Once a year  D: Never 
QNO 11: Do you apply any fertilizer for intercropping 
 A: Always   B: Some time  C: Once a year  D: Never 
Q NO 12: Do you visit research stations for guidance 
 A: Always   B: Some time  C: Once a year  D: Never 
Q NO 13: Do you practice thinning 
 A: Yes   B: No 
Q NO 14: Fruit picking is done by using 
 A:  sticks   B: Shaking trees  C: hands   
Q NO 15: Do you use gloves while picking the fruits 
A: Always   B: Some time  C: Never 
Q NO 16: Where do you store your fruits after harvesting? 
A: On the floor of orchard B: In a separate room C:  Piles  D:  Perforated bags                               
Q NO 17: Do you practice hoeing and clean the fallen leaves 
A: Yes   B: No   
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  Appendix 2 : Analysis of Variance Yield and Fruit Quality Parameters 
Sources  Fruit size No of fruits Yield Total soluble 
solids 
Total sugars Reducing 
sugars 
DF F p F P F p F p F p F p 
Replication 5             
Treatment 3 113 0.00 223 0.00 237 0.00 223 0.00 78 0.00 110 0.00 
Zn Status 2 127    0.00 74 0.00 114 0.00 74 0.00 653 0.00 817 0.00 
Zn Status*Treatment 6 4.7 0.00 2.2 0.05 3. 0.01 2.22    0.05 1.77 0.12 8.53 0.00 
Error 55             
Total 71             
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Appendix 3: Analysis of Variance Yield and Fruit Quality Parameters 
Sources  Non 
reducing 
sugars 
Firmness Relative 
electrical 
conductivity 
Titratable 
acidity 
Zinc content 
in fruit 
Ascorbic 
acid  
DF F p F P F p F p F p F p 
Replication 5             
Treatment 3 82 0.00 4 0.02 1849 0.00 268 0.00 0.56 0.58 3 0.05 
Zn Status 2 619 0.00 59 0.00 3762
8 
0.00 22 0.00 29 0.00 1.2 0.3 
Zn Status*Treatment 6 0.02 0.02 0.58 0.7 365 0.00 3.5 0.00 4.18 0.00 0.6 0.7 
Error 55             
Total 71             
 
 
